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PROJECT DESIGN AWD CONSTRUCTION 

LOCATION AND ROUTING 

PRUDHCE BAY LATERAL PIPELINE 

GENERAL RECOMMENDATION 

In order to protect the unigue environment of the northern Yukon 
Territory and the Mackenzie Delta, as well as the way of life of 

native people in this region, the Frudhoe Bay gas pipeline should 
not cross the Northern Yukon along either the Coastal or the 
Interior route, but rather should follow a more southerly route 

OmcCoOrppdors. 

If a permit 1S granted for e trunk pipeline from Prudhoe Bay 

along the Coastal or Interior route, the Government of Canada 
Should adopt policies of affording maximum protection to wildlife 
ana arishaqinnthesnvucinirty cofethe sprpebine and of preserving .in,its 
natural state as much of the nearby land as possible. These 

policies should be applied to nearby governmental and industrial 
activities as well as to the pipeline project. Moreover, the 
government should ensure that the location, construction and 
operation of the project are adjusted to conform to these 
policies and to meet the concerns of the local people, 

Particularly those of Old Crow; as outlined in the following. 
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Location and Routing 
Prudhoe Bay Lateral 

DISCUSSION 

The Arctic Gas Application is for the Coastal route but 1f the 
Coastal route 1S not acceptable to government then the 
Application applies to the Interior route. Thus, a rejection of 
the Coastal route by Canada or the U.S.A. would be needed for the 
Interior route to be considered for a permit. However, both 
routes have required close scrutiny by the Inguiry to determine 
the implications for Canada of accepting or rejecting the Coastal 
route. Modifications of the Arctic Gas Coastal route to follow a 
route across the Mackenzie Delta instead of following the 
Original Circum-Delta route has further complicated the process 
of decision. 

The Fort Yukon and Fairbanks corridors identified by vAnctrc Gas 
as possible alternatives to the northern Yukon routes for a 
Prudhoe Bay gas pipeline are not part of the Arctic Gas 
application and, therefore, have only been reviewed in broad 
terms by the Inquiry. Moreover, the recent proposal by Foothills 
(Yukon) Ltd. to build a gas pipeline from Prudhoe Bay through the 
Fairbanks corridor has not come under the scrutiny, of -the 
Inguiry. Thus only the most general comment 1s made here 
regarding a southern Yukon alternative. 

Much evidence has been brought before the Inquiry concerning 
potential impacts of a gas pipeline and of development that could 
follow a gas pipeline along the Coastal route and the Interior 
route. Strong objections have been offered by native peonle 
relative to a gas pipeline along either route and particularly 
regarding the Interior route pipeline and its effect on Old Crow. 
Moreover, most of the really important concerns over mammals, 
birds, fish and the protection of the environment in general that 
have been brought before the Inguiry apply to the various options 
for the Prudhoe Bay lateral. All of the routing options involve 
major environmental concerns. In particular the Coastal Cross- 
Delta route which 1s the present prime route of Arctic Gas is the 
focus of many critical concerns over environmental impact. 

Comparison of the Coastal, Interior, Cross-Delta and Circum-Delta 
Options for the Prudhoe Bay lateral in Canada from various points 
of view has produced no clearly defined basis for preference of 
the Interior route or the Coastal route. It has proved difficult 
to separate concerns over the gas pipeline as 1t 18 proposed, 
from what various people consider might go wrong with the project 
during construction, and from concerns over other developments 

! No | 
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Location and Routing 

Prudhoe Bay Lateral 

that might follow the gas pipeline along any chosen route. 
Bearing all these in mind, the following generalizations have 
been drawn from the information at hand. 

1. Environmental concerns for the Cross-Delta route are 
Substantially higher than those for the Circum-Delta route. 
In socio-economic terms 1t has been argued that the Cross- 
Delta route is of lesser concern than the Circum-Delta route, 
but no clear evidence of difference has been presented. 

2. Native people have expressed Substantially greater concern 
regarding the Interior route than for the Coastal Cross-Delta 
route. Socio-economic comparison of the Interior route and 
Coastal Circum-Delta route is less clear although the 
Interior route probably 1s of greater concern. In contrast 
environmental concerns for the Interior route (in Canada) are 
substantially lower than those for the Coastal Cross-Delta 
route and are also lower than those for the Coastal Circun- 
Delta route. 

A nagging uncertainty in making the above comparisons and in 
Grawing up recommendations on routing of the Prudhoe Bay gas 
pipeline arises from the possibility that industrial “corridor” 
development along the Coastal route may ultimately be inevitable 
an view of the potential for petroleun discovery on the coastal 
plain or adjacent continental shelf. However, 1t 1S noteworthy 
that this area has not been granted prominence in present 
exploration strategies. 
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Location and Routing 
Prudhoe Bay Lateral 

ECOMMENDATIONS 

General Routing 

A In the context of the regional socio-economic and 
environmental considerations that constitute the focus of 
this Inguiry, 1t 1S recommended that the Prudhoe Bay gas 
Dipeline should not cross the Northern YoORON, but. rather 
Should follow a more southerly route or corridor. In this 
connection the Northern Yukon includes both the Arctic Gas 
Coastal route (via the Cross-Delta or Circum-Delta options) 
and the Arctic Gas Interior route. This recommendation stems 
from the major difficulties that would be involved in 
protecting the environment and the people of Old Crow from 
the impact of development, and applies to the gas pipeline 
project, per se and also to development of an energy 
transportation corridor that could follow the route of the 
pipeline. 

Based on the limited review by this Inguiry of alternative 
pipeline corridors for a pipeline across the Yukon LTeCrerory 
as put forward by Arctic Gas, the “Fairbanks Corridor" along 
the Alaska Highway offers environmental advantages over the 
routes across the Northern’ Yukon. 

Coastal Route 

5). If a permit were to be granted for a-trunk gas pipeline from 
Alaska along the Yukon Coastal Plain, the Government of 
Canada concurrently snould adopt a policy of preserving in 
1ts natural state as much as possible of this unique area an@ 
of providing maximum protection to wildlife and fish. The 
following measures are recommended for implementation under 
this policy. “The Company shalY: 

a) submit to the Agency, for approval and direction at 
preliminary design, a rationalization and optimization 
of 1ts route and facilities locations in terms of 
potential impact on birds, mammals, fish and traditional 
land use by native people, including environmental, 
engineering and cost comparison of alternative right-of- 
way, borrow and facilities locations. This analysis is 
to include, aS one possibility, a route through the 
already disturbed areas at and around DEW line sites 
(T36-20605=267'> 
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‘he 

D) 

d) 

Location and Routing 
Prudhoe Bay Lateral 

Strictly adhere to the winter construction and snow road logistic mode (1.e. no permanent road or gravel work pad along the right-of-way); 

reduce summer-time activities, during construction and Operation, to an absolute Minimum, and allow flexibility in timing of any necessary summer activities; 

apply conservative design and construction practices along the full length of the coastal plain so as to minimize the need for repairs and particularly 
contingency repairs; 

follow a surveillance and Maintenance program during pipeline operation that is specifically designed to avold impact on mammals and birds; and 

meet the concerns for Protection of birds, mammals and fish outlined for this area in “Protection of Wil@life" and “Protection of Fish". Special attention should be given to control of aircraft and Panticuiarly 
helicopters, orotection of the Porcupine caribou herd in Che calving and bost-calving period, protection of 
staging snow geese in autumn, and vorotection of 
Overwintering fish in rivers. 

Government should: 

a) place restraints on Ongoing industrial and government activities and ongoing use of aircraft throughout the coaStal plain and adjoining nearshore zone comparable to the restraints placed on the Pipeline project. These restraints should apply through the construction period and be re-evaluated thereafter; 

set aside as provisional land reserves, the Yukon 
Coastal Plain and, in more general terms, the whole of 
the northern Yukon between the coast and the Porcupine River (1e. the area of the Proposed International 
Wildlife Range) in accordance with the reconmendations contained in “Land Reserves"; 

under this reserve and pending formal disposition of the reserved area, vrevent or curtall new industrial 
activities; and 
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Location and kouting 

Prudhoe Bay Lateral 

d) prohibit entry on to the Yukon Coastal Plain for hunting 
Or f1Shing except by native people engaged in 
traditional land uses. These restraints should apply 
through the construction period and be re-evaluated 
thereafter. 

Cross-Delta Route 

If a permit were to be granted for a trunk gas pipeline from 
Alaska across the Mackenzie Delta, the Government of Canada 
should indicate in unequivocal terms that approval of the gas 
pipeline does not constitute aporoval of an energy 
transportation corridor across the delta and 1s not to be 
taken as a precedent for routing a trunk o11 pipeline across 
the delta. In addition, the government should ensure, as a 
matter of policy, that the pipeline company will achieve high 
Standards of protection of wildlife, fish, land and water. 
The measures outlined below are further recommended in this 
regard. The Company shall: 

a) Submit to the Agency, for approval and direction at 
preliminary design, a rationalization and ovtimlization 
of 1ts route and facilities locations on the delta in 
terms of potential impact on birds, mammals, fish and 
traditional land use activities by native people, 
including environmental, engineering, and cost 
comparison of alternative right-of-way and facilities 
locations; this analysis 1S to include the pearny «houte:” 
as well as other options (122:18584-87, 18725-26); 

b) unless the “Barry Route“ is adopted, bu1ld the crossing 
of Shallow Bay in winter to avoid the effect of summer 
construction on whales, staging snow geese and other 
waterfowl; 

eM] Strictly adhere to winter construction with snow road 
logistics for all segments of the pipeline on the modern 
Mackenzie Delta with the exception of crossings (1.e. no 
summer construction or gravel work pad along the right- 
of-way); 

d) reduce summer-time activities during construction and 
operation to a minimum and allow flexibility in the 
schedule of any summer activities that are necessary; 
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The 

g) 

1) 

Location and Routing 
Prudhoe Bay Lateral 

apply conservative design and construction practices to the pipeline within the Mackenzie Delta to minimize 
contingencies and the need for repairs, use dual pipe in all areas potentially Subject to flooding, provide for 
continuous weiahting of the pipe, and install cross- 
overs between the two pipes; 

limit the quantity of fuel stored at any one place and 
time within the delta, as outlined in “Spill Prevention 
and Control“. 

follow a surveillance and maintenance program during 
pipeline operation that is Specifically designed to 
avoid impact on mammals and birds, uncluding limitations 
On use Of aircraft, hovercraft, and boats during summer 
(see “Project Operation"); 

meet the concerns for protection of birds, mammals, and 
fish outlined for the Mackenzie Delta in ee lLOoteahion lof 
Wildlife” and “Protection of RaSh Special vattention 
Should be given to control of aircraft and particularly 
helicopters, handling of fuel, orotection of white 
whales, and protection of Staging snow geese; and 
avold contact and conflict with hunting, trapping, and 
fishing activity by native people. 

Government should: 

a) withdraw aS provislonal land reserves, the whale 
Sanctuary and waterfowl reserve areas recommended in 
“Land Reserves"; 

pending formal disposition of these reserved areas, 
apply restraints to or relocate existing industrial and 
governmental activities, including use of aircraft and 
barges, within these reserved areas comparable to the 
measures shécified in this report for protection of 
whales and waterfowl. Also, pending formal disposition 
of these reserved areas, the government should. curtail 
Or prevent new industrial activities that could place at 
risk the whales and birds that the reserves are designed 
to. protect = 

within a zone extending 5 miles on either side of the 
pipeline route across the delta, place restraints on 
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Location and Routing 
Prudhoe Bay Lateral 

industrial and governmental activities (rneludang ‘use “of 
aircraft) comparable to the restraints placed on the 
pipeline project: this condition should apply through 
the period of pipeline construction and should be re- 
evaluated thereafter; 

d) establish a general policy of regulating industrial 
develooment 1n the delta so as to afford maxinun 
protection to wildlife and fish, and to preserve as much 
of the delta as possible in its natural state. 

Circum-Delta Route 

If a permit were to be granted for a trunk gas pipeline from 
Alaska around the west side of Mackenz1e Delta via the Arctic 
Gas prime route of March 1974 (Circum-Delta route) the 
location of the pipeline, pipeline facilities and all other 
related land use should be adjusted to avoid encroaching upon 
all areas of special importance to the native people of 
Aklavik, Fort McPherson and Arctic Read. Adjustments should 
also be made to avoid interference with fishing, trapping and 
hunting by the local people and to meet the environmental 
concerns about this route that are identified elsewhere in 
this submission. 

At preliminary design, the company should submit to the 
agency Proposals (with alternatives) for adjustments in route 
and. ih.locatzon, of facilataessetcsf (and/or adjustments in 
procedures and schedules) to achieve the above. Particular 
reference should be made to: 

a) avoiding interference with domestic fishing 1n Mackenzie 
Delta, channels, (e:9.; “Bigv Eddy") Rat River, Peel River, 
and Mackenzie River near Arctic Red; 

b) avolding disturbance of fish in localities critical to 
fish populations including W3llow River, Rat River and 
Big Fish River; 

c} moving the compressor station and associated facilities 
away from Rat River; 

d) Minimizing disturbance of the Mount Goodenough Dall 
sheep population; and 
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Location and Routing 

Prudhoe Bay Lateral 

e) Minimizing disturbance of lands and waterbodies within 

the Mackenzie Delta and similar terrain along Peel River 

(work pads, wharves, storage areas, LOeaC Seto OL 

way), zncluding limitation of the amount of fuel stored 

in areas subject to flooding. 

Interior Route 

Ti . In the context of the regional socio-economic and 

environmental considerations that constitute the focus of 

this Inquiry, 1t 1S recommended that the Prudhoe Bay gas 

pipeline should not follow the “Interior route” proposed by 

Arctic Gas or pass through this region. This recommendation 

1S directed prancioally to. that.part of the Interior route 

between the Alaska border and the Peel River and reflects 

both the overwhelming opposition of the Old Crow people and 

the substantial environmental concerns about this pipeline, 

particularly concerning the Porcupine caribou herd. This 

recommendation applies to the gas pipeline per se and to the 

concept of an energy transportation corrider following the 

route of the pipeline. 

Shoula@ the Government of Canada seriously consider granting a 

right-of-way for a trunk gas pipeline through the region 

traversed by the Interior route proposed by Arctic Gas, then 

1t 1s recommended that a route diversion well south of Old 

Crow (Templeton, 108:16529) should be reviewed in terms of 

1ts acceptability to the people of Old Crow (as well as its 

technical feasibility and acceptability to the Company) prior 

to reaching any final decision. 

If a permit were to be granted for a trunk gas pipeline from 

Alaska across the northern interior of the Yukon Territory 

(assuming an agreement were to be reached with the Old Crow 

people), the Government should: 

a) ensure that the pipeline logistic system and gupeline- 

related traffic of all kinds avoid, in a manner 

acceptable to the local people, Old Crow and the areas 

traditionally used by O1d Crow residents for the harvest 

of renewable resources 
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Location and Routing 

Prudhoe Bay Lateral 

ensure that the pipeline 1s buzlt un winter using snow 
road logistics and that permanent gravel roads are kent 
to an absolute minimum, as a means of further limiting 
access to the region; 

prohibit hunting and fishing within 5 miles of the 
plpeline, 1tS access routes, and Pipeline facilities, 
with the exception of traditional land use by native 
people. This restraint should be applied through the 
construction period and he re-evaluated thereafter; also 
Similar no hunting zones should be enforced along the 
Dempster Highway and other roads or winter trails as 
deemed necessary to protect the Porcupine caribou herd 
during pipeline construction (see "Game Management and 
MOoml toring.) + 

Place Testraints.on sircraft flights and any other 
industrial or governmental activities within 5 miles of 
the pipeline route comparable to the restraints 
applicable to the pipeline project. These restraints 
should be applied throughout the pipeline construction 
per1od and be re-evaluated thereafter; 

set aside aS a'proyiSional land reserve, the area north 
of the Porcupine River within the boundaries of the 
proposed International Wildlife Range in accordance with 
the recommendations contained in “Land Reserves": and 

ensure that both the construction and the operation of 
the pipeline meet the concerns for protection of birds, 
mammals and fish outlined for this area in “Protection 
OLN te and | Prorection Of Fish”. 

F INFORMATION 
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Location and Routing 

MACKENZIE VALLEY PIPELINE ROUTE I Se i oS ede YY 

GENERAL RECOMMENDATION 

The route of the gas pipeline along the Mackenzie Valley and the 
location of all lands used for the pipeline should be adjusted to 
meet environmental concerns, to stay away from the small native 
communities along the valley and to avoid all other areas of 
special concern to the native people. 

If a gas pipeline from Alaska were to be built across the 
southern Yukon, then a pipeline routing southward from the 
Mackenzie Delta along the Dempster Highway could have advantages 
over the Mackenzie Valley pipeline, both for the environment and 
for native people. The appraisal of this route is therefore 
recommended. 

DISCUSSION 

Throughout the very considerable discussion before the Inguiry 
concerning location of the Mackenzie Valley pipeline between 
Taglu and Latitude 60°N, the overall broad routing along the 
Mackenzie Valley has generally been taken for granted in terms of 
engineering, transportation, governmental, local business and 
environmental considerations. On the other hand, a Mackenzie 
Valley routing 1S at present unacceptable to a large number of 
native people, although the native people have insisted on their 
right to reserve decision on routing questions pending settlement 
of their land claims. 

Although Roed, (77:1446-88; 78:11489-596) on behalf of CARC, has 
proposed two alternative routes east of the Mackenzie Valley 
neither has seemed to spur any substantial interest at the 
Inquiry. Thus his “Edge of the Shield" route does not appear to 
hold serious possibilities for the presently proposed gas 
Pipeline and although his “East of the Franklins“ route has some 
environmental advantages over the Mackenzie Valley corridor, its 
disadvantages may outweigh the advantages in both environmental 
and socio-economic terms. Moreover, there has been little 
discussion of the possibility of routing the Pipeline along the 
west side of Mackenzie Valley even though one of the early gas 
Pipeline proposals (Northwest Pipeline Study Group) followed such 
a route. The Dempster Highway routing for a pipeline to carry 
gas southward from Mackenzie Delta was given only brief attention 
at the Inquiry (Hughes 54:7612-24, Geist 54:7431-33) in the 
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Location and Routing 
Mackenzie Valley Pipeline 

context of a “spur” line to connect to the southern Yukon 
corridors (Fairbanks corridor and Fort Yukon COrL1aory 
Despite the very limited information at hand regarding potential impact of a pipeline along this route, its location along an already developed transportation route is an indication that it may have advantages, both environmentally and perhaps for native people. 

On a more local scale, various changes in routing and location 
have been introduced by both Applicants and many additional 
changes have been recommended by witnesses brought forward by Other participants as well as by individuals at the community hearings. The Fort Simpson route change, by which Arctic Gas 
introduced 1ts present routing east of Fort Simpson, is a 
substantial improvement in environmental terms. Concern over the routing through the Ebbutt Hills IBP site (Mirosh, 60:8580, 
Hemstock 52:6953) is minor, although the compressor station and 
wharf site location across the Mackenzie River from Fort Simpson 
1S of some concern (Dau, 18:2117). The second major change, by 
Arctic Gas in which the “prime” route south from Taglu to 
Travaillant Junction to Thunder River was abandoned in favour of 
the Cross-Delta option running directly from Taglu to Thunder 
River, involves no substantial overall change in potential 
Pipeline impact either environmentally or in socio-economic 
terms. Despite local differences in location between the present “Mainline” proposals of Arctic Gas and Foothills the two routes 
are generally similar in overall potential for environmental or 
soclo-economic impact. 

Changes on a more local scale include the following: both 
companies have made changes in river Crossing locations, in wharf and stockpile sites, and routing of access roads; both have 
introduced the Niglintgak lateral Pipeline; Arctic Gas changed 
the routing of its Parsons Lake lateral pipeline; Foothills has made minor adjustments in Pipeline routing north and south of 
Norman Wells; and Arctic Gas has abandoned many communication 
towers and associated access routes. Most of these changes 
involve some degree of improvement in socio-economic or 
environmental terms but 1t 1s obvious that much more improvement 
can be achieved by further adjustment of the routes and the 
location of facilities and other Pipeline land use. 

Basic concerns about the location of the Pipeline in the 
Mackenzie Valley and of associated facilities have been presented to the Inquiry by native people in all the communities along or 
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Location and Routing 
Mackenzie Valley Pipeline 

near the proposed route. These concerns although rarely 
focussed, specifically encompassed the location of Pipeline lands in relation to the communities themselves, traditional land use areas, Sites of religious importance, and geographic features of special significance to native people such as the Great Bear 
River. Both pipeline Applicants have responded to some of these concerns with changes in location or offers of changes. For 
instance, Arctic Gas (Exhibit 493) has relocated wharves, 
Stockpile sites, access roads, and airfields to keep away from 
Fort Good Hope, Fort Norman and Wrigley. To date, such changes appear to have been introduced unilaterally and there appears to 
have been no progress towards a review Process for resolving 
differing positions regarding pipeline routing and- location. “In 
fact, there has been little effective communication between local 
people, the Company, government, and environmentalists in this 
regard. Nonetheless, the “1972 Pipeline Guidelines" states on page 29: “Where the pipeline construction is Planned to be 
located 1n proximity to a settlement -- particularly a native 
settlement localized area Subject to intensive use, then the 
location of construction camps, associated activities and the 
detailed siting of the pipeline will be decided by government 
after consultation with the Applicant, and the settlement 
council, or local government body, or the native Organization". 

RECOMMENDATIONS 

1. If a gas pipeline from Prudhoe Bay across the southern Yukon 
1S under serious consideration, then the Dempster Highway 
route should be assessed and reviewed, on a priority basis, 
as an alternative to the Mackenzie Valley route for transport 
of gas (and as an energy transportation corridor) southward 
from the Mackenzie Delta. As noted in the foregoing, a gas 
Pipeline along the Dempster Highway could have advantages 
over a pipeline through the Mackenzie Valley both 
environmentally and perhaps for native people (although the 
Inquiry has heard only general information about this route). 

2. Apart from the Dempster Highway system cited above, there is 
no obvious and environmentally advantageous alternative to 
the Mackenzle Valley for routing of a gas pipeline and an 
energy transportation corridor southward from Mackenzie 
Delta. 
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Location and Routing 
Mackenzie Valley Pipeline 

Routing of the Mackenzie Valley pipeline and the location of all lands to be used by the Dipeline project should be adjusted to stay away from the small Dene communities along the valley, and to avoid encroaching upon all other areas of Special importance to the native people. Review of the 
options available to meet this need, by government, local people and the Company, should include the possibility of 
locating the pipeline west of Mackenzie River. 

The routing of the Mackenzie Valley pipeline and location of all lands proposed for use by the pipeline should be adjusted to reduce potential environmental impact. In this regard, at preliminary design, the Company shall submit to the Agency 
for review and approval its Droposals for modifying the route and locations to meet environmental concerns. Where deemed appropriate by the Agency, these Proposals will include 
comparison of alternative locations in terms of engineering and cost as well as environmental and social factors. In particular Company proposals should deal with the following 
Matters: 

a) Adjustment of the location of compressor stations and of 
the groups of facilities associated 
with the compressor stations so as to stay away from 
valleys and rivers tributary to the Mackenzie and the 
mouths of tributaries (see “Location of Factilacres”). 
If a compressor station cannot be moved, then the 
associated facilities (wharf, stockpile site, airfield, 
borrow pits, road, camp, Sewage plant, and wastedump) 
Shall be kept away from the tributary valleys, tributary 
rivers and their mouths. 

b) Adjustment of the location of wharves and stockpiles 
along the Mackenz1e River to avoid interference with 
fishing sites. 

=) Modification of the location of the Swimming Point 
crossing of the East Channel and avoidance of the nearby 
Pipe and road crossings of Holmes Creek (Foothills) to 
reduce potential impact on the Holmes Creek fishery. 

d) Adjust the location of various stream crossings to avoid 
areas of fish sensitivity. Some locations of this kine 
are recorded in “Site-Specific Recommendations: ices aes 

ay. ae 
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f) 

g) 

1%) 

j) 

k ) 

Location and Routing 
Mackenzie Valley Pipeline 

“Modification of location of borrow Pits to avoid 
potential borrow resource conflicts (see “Borrow 
Resources"). 

Adjustment of route and locations and established 
aircraft flight corridors to meet the concerns outlined 
in “Wildlife Protection". 

Avoid ,areas designated as important for recreation (see 
“Recreation Areas"). 

Relocation of the pipeline, access routes and roads, 
facilities and borrow pits insofar as possible on 
already disturbed ground. 

Adjustment of the pipeline route to minimize the length 
of pipeline on terrain that 1s potentially troublesome 
in terms of frost heave, thaw settlement, slope 
Stability, buoyance and erosion. 

Review on a mile by mile basis of location of the 
pipeline and associated facilities in relation to the 
Mackenzle Highway route in terms of potential separate 
and cumulative environmental impact and propose pipeline 
and/or highway relocations designed to minimize such 
impact. 

Adjustment of the pipeline route and locations to avoid 
conflict with areas proposed or set aside as provisional 
land reserves (see “Land Reserves"). 

SOURCES OF INFORMATION 

Transcripts, Exhibits, Basic Documents Gs 

CAGPL 

FH 

CARC 

Exhib 

Dau, P. H. (18:2117); Hemsotck, R.A. (oe 36955 } 

Mirosh, E.A. (60:8580) 

Geist, V. (54:7431-33); Hughes, O.L. (54: 7612-24); 
Roed, M.A. (77:11446-88; 78:11489-596) 

i: 493: Letter 8 March 1976 from J. Marshall to Ian 
Scott re: CAGPL plan refinements and Maps. 
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SCHEDULING AND LOGISTICS 

GENERAL RECOMMENCATIONS 

The Company and all its contractors shall schedule its work and 
logistics support activities in a manner which will: 

(a) comply with all federal and territorial legislation, 
regulations, ordinances concerning safety and security, land 
use and protection, wildlife protection and all stipulations 
of the Agency; and 

(b) be cognizant of the needs and desires of the northern 
communities near or through which the pipeline shall pass. 

The Company shall develop an analytical model of the whole 
pipeline construction process, showing in detail the construction 
schedule for every part of the entire construction process, such 
model to be submitted for government inspection prior to final 
design. The model shall have sufficient flexibility to 
accommodate all foreseeable delays, including, but not limited 
to, location or design changes, major equipment failures, major 
hold-ups in material supply, labour problems, unexpected 
wildlife, fish or human activities. A contingency plan is to be 
included for each likely hold-up factor and possible combination 
of factors. 

CISCUSSION 

Major construction projects which involve large numbers of men 
and the supply of large amounts of material, working to a tight 
schedule, can run into considerable difficulty in keeping to 
schedule, even under normal construction conditions. The 
Mackenzie Valley pipeline is to be built through a region with 
unique technical, environmental and sccial conditions. 
Considerable concern has been expressed at the Inquiry that 
construction will fall behind schedule. The performance of the 
Alyeska Pipeline Service Company in Alaska has shown that the 
efficiency of winter construction has been very low. In addition 
to hold-ups arising from bad weather, that pipeline project also 
faced major wintertime losses of labour. 

Both Applicants plan the major portion of their construction for 
winter. Both construction plans depend heavily on the use of 
snow roads... Arctic Gas plans to start ccnstruction in November 
through making extensive use of snow-making equipment (if 
necessary) in preparing these roads. Foothills, asserting that 
it is not possible or safe to use artificial lighting to the 
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Scheduling and Logistics 

extent planned by Arctic Gas, does not plan to commence actual 
pipe laying until January. 

Foothills has charged that Arctic Gas has entirely overestimated 
spread productivity, that the number of unproductive days will in 
fact be far higher than estimated by Arctic Gas, and that it will 
not be possible for Arctic Gas to commence construction as early 
as November. It is claimed by Foothills that labour will not 
work through the Christmas season, and that labour will not stand 
for the uncomfortable and unsafe working conditions to be imposed 
through having to work under Sots tose lighting during the long, 
cold winter. 

For its part, Arctic Gas has stated that it has obtained all its 
information for preparation of its plans from informed and 
experienced sources, and that its productivity figures are based 
on standard Canadian pipelining procedures. Although discussion 
had not been held with the actual unions to be involved at the 
time of Arctic Gas! first presentation of its construction plans 
to the Inquiry, consultations with the ccntractors chosen to give 
estimates on the line revealed that winter construction on 
Canadian pipeline jobs is in fact standard. Labour agreements 
within the industry meet most of the likely objections from 
workers. Furthermore, according to Arctic Gas, no project of the 
size and scope of the Mackenzie Valley pipeline would be 
undertaken without a no-strike-no-lockout agreement. 

Labour, for its part, supports Arctic Gas contentions that 
construction can be carried out in the North throughout the 
winter. The industry-wide collective agreement spells out 
Clearly the basic conditions such as the quality of food and 
accommodation. The individual project agreement spells out the 
working conditions for the actual project, based on the basic 
collective agreement for minimal conditions and on the perceived 
scope and complexity of the specific project for project-related 
details, In answer to Foothills! objections concerning men being 
unwilling to work below certain temperatures and over Christmas, 
members of the Canadian Pipeline Advisory Council (the labour- 
management organization comprising the primary pipeline 
construction unions and contractors) has stated clearly that a 
good agreement would make provision for such circumstances. It 
is also stated in their evidence that the agreements do not 
contain codes for such things as degrees of temperature or 
Windchill below which no work will be conducted. Instead, it is 
decided on a mutual businesslike basis between the contractor and 
the union representatives according to weather conditions 
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Scheduling and Logistics 

prevailing at the time whether the men will go to work. Basic 
guarantees such as a minimum of 40 hours per week, overtime, 
standby pay and other conditions are, according to the unions, 
incentives to keep the work moving. All have stated their 
agreement with the standard project procedure of having a no- 
strike-no-lockout project agreement for the Mackenzie Valley 
pipeline. 

Despite the various assurances, however, there are limits beyond 
which labour would not go. Union spokesmen have made this clear, 
giving as an example that efforts to run more than a few days 
longer than 12 hours to do small catch-up would be resisted. 

If the Company fell far behind in its schedule, especially during 
the second winter, it would be under extreme pressure, just on 
the basis of the huge financial commitments, to increase the 
pace. Through various added incentives, labour could quite 
protably be persuaded to pick up the pace considerably. The 
pressure would be heaviest on other aspects of the project. 
Pressure would be put on the government to allow such things as 
working through or beyond break-up in the spring; summer work; 
easing of terrain, vegetation and wildlife protection measures to 
name but a few of the higher risk areas... Arctic Gas has 
maintained stoutly, under questioning from Foothills and the 
participants, that it would not be necessary to extend its 
construction season. Instead it could bring in more men and 
equipment, or extend the work load of each spread. 

Neither Applicant has developed a contingency plan for the event 
of delayed schedules, however caused, although both have spoken 
generally of their willingness to accommodate early migrating 
caribou or other such unexpected phencmena. No allowance has 
been made for delays in the receiving of supply and materials 
required, nor for failure in the river transportation system or 
Beaufort Sea system, let alone for labour problems such as 
strikes, or even just the inability to find sufficient skilled 
labour for the project. One of the most severe problems, one 
which could delay the project from the very outset, is that of 
lack of snow for snow road preparation (see "Snow Roads"). The 
existence of a contingency plan, based just on the point of lack 
of snow alone, would seem to be an essential part of any 
application, let alone contingency plans for other misfortunes 

which could arise. 

Resisting pressures brought to bear by the Company wishing to 
take shortcuts or change its basic plan in any way can only be 
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Scheduling and Logistics 

effectively done through early recognition of problems or 
potential trouble spots by the government through its field 
inspectors and regulatory agency. The key to solving the basic 
problem is avoidance through very careful and realistic planning 
and schedule development. This should be done around some proven 
analytical concept such as PERT (Program Evaluation and Review 
Technique) or CP (Critical Path) analysis. 

' Critical path planning or similar method is common on most large 
engineering projects. Both Applicants have indicated that they 
will be using such methods, although no choice has been made as 
to the specific method, or at which point in the project planning 
it might finally come into use. 

One of the unique features of this pipeline project, however, is 
the need to consider "extraordinary" (non-project) events such as 
the early arrival of a caribou herd, the white whales, or of 
staging birds at the site of construction activity anywhere along 
the line. These events will place the same severe restrictions 
On construction activities as would labour problems, failure to 
receive crucial equipment or supplies, shortages of skilled 
labour, extreme bad weather for unexpectedly long periods of 
time, tc name a few of the events which can be planned for. 
While these latter events can be assessed in a normal plan and 
alternative courses of action laid out, some of the biological 
events may not be so amenable to standard planning approaches. 
On the pipeline project, however, environmental constraints must 
be given equal stature with other types of events and be 
incorporated into the project planning scenarios at the very 
beginning. The Applicants’ own studies, submitted as background 
information to their applications, and the information available 
to both Applicants through the exhaustive hearings process, have 
underlined extensively the possibilities that fish, mammals, 
birds and local people will, in the course of their own natural 
cycles cf land and water use, preclude use of that land or water 
at certain times for construction of the pipeline or related 
facilities. 

It should be possible for the Company to present detailed 
timetables, schedules and contingency plans for construction of 
the pipeline and every related facility. This should be a 
requirement of the Company, who will have to demonstrate an 
awareness of the environmental and the social constraints for all 
activities on each spread, and show some clear course of action 
to be taken for each constraint or combination of constraints 
imposed. 

- Ue 





Scheduling and Logistics 

Every aspect of the Company's plan must be intensively 
scrutinized from the point of view of: 

(a) need for contingency planning throughout; and 

(b) the potential scheduling spillover which would lead to 
pressure to avoid or ignore some environmental, social or 
even basic safety constraint or restriction. 

For example, Arctic Gas has stated that it will be able to move 
extra men in under certain circumstances, and augment the 
manpower on any given spread or spreads. However, original 
planning calls for construction camps to house 800 men. While 
assurances have been given that more men could easily + and 
comfortably - be accommodated in the spread camps, the plan would 
have to be thoroughly assessed from the point of view of such 
things as the adequacy ofwater supply and treatment and of waste 
and waste water disposal facilities... Thus, the design of each 

and every water and sewage treatment system for every camp will 
require careful analysis for: 

(a) capacity and capability for the planned size of the camp; and 

(b) for substantial population increase. 

The particular problem of wastewater treatment facilities being 
inadequate for the job arose for and over again at camps in 
Alaska over the Alyeska Pipeline, partly because of inadequacies 
in original design, but largely through continual addition of men 
to already overcrowded camps. 

Delays in construction activities will not only mean additions to 
the number of men on the line. For each man brought in to 
augment the work force, it will be necessary to bring in the 
requisite support materials and services. Thus, not only will 
flying in the additional men add to the number of flights in the 
area, but the flying in of the extra food, fuel and equipment 
will also add to the number of flights to be made to any given 
area at any time... It is most likely that the need for extra men 
will be discovered towards spring. Thus, any extra flight 
activity might well take place right at a crucial time for some 
wildlife activities. Extra flights will put more pressure on 
traffic contrcel programs, on air strips and community airport 
facilities and on local operators, to name just one small, 
incomplete chain of consequences of a revised work schedule. 
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Scheduling and Logistics 

Thus, every contingency plan will have to be assessed from the 
point of view of all possible related activities and events. 
Furthermore, the mechanism for review must extend to include the 
constractors and sub-contractors. Any stipulations with respect 
to scheduling and logistics must apply to both the Company and 
all 2tsoccoentractors. 

RECOMMENLATIONS 

1. Upon receiving pipeline route approval, the Company shall 
demonstrate the technical feasibility and environmental 
acceptability of the proposed construction schedules and 
logistics by submitting to the Agency for approval: 

(a) preliminary construction and logistics plan for each 
spread; and 

(6) a preliminary contingency scheduling and logistics plan 
for each spread. 

As part of its final design submission to the Agency and 
prior to commencing any work (apart from clearing) on any 
spread, the Company shall provide the government with a 
finalized sequential activity analysis, The analysis shall 
include all the activities related to construction and all 
the environmental and other constraints which might occur 
with the course of action (contingency plan) that will be 
followed if such constraints do arise. 

During construction the Company shall prepare for the Agency 
a monthly construction progress report for each spread or 
part thereof as prescribed by the Agency. It shall describe: 

(a) construction progress to date on each spread keyed to an 
updated sequential activity program; 

(6) construction delays and proposed methods for overcoming 
these delays including a revised forecast of project 
scheduling and activities showing how all physical 
constraints and all stipulations will be met; 

(c) the physical conditions of snow and ice roads; and 

(a) any actual or planned additions to the work force 
accommodated in construction camps and other camps. 
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Scheduling and Logistics 

In order to enact scheduling and/or logistics modifications, 
or if the monthly progress reports show variations to the 
original activity plans, the Company shall submit a revised 
plan to the Agency for approval. In particular, the Agency 
may request the Company to submit a schedule on the basis of 
a worst case scenerio, as outlined by the Agency. The 
schedule shall show how the Company would deal with the worst 
case schedule and comply with the project stiuplations. 

The Agency's field inspector shall have the authority to 
delay or close down work on a construction spread when 
schedules and logistics plans or activities deviate from the 
approved plans in a way which may lead to an environmentally 
unacceptable situation. 

The Company must notify the Agency's field inspector of 
Froposed activities at least 48 hours before the particular 
Operation takes place. If monitoring is to be undertaken by 
an independent source, notification must take place 72 hours 
before the operation takes place. 

SOURCES OF INFORMATION 

1. Transcripts, Exhibits, Basic Documents 

CAGPL Dau, P.H.. (3324231-47, 4284, 4291; 34:4386-93, 
4406-09, 4418-19, 4433-35; 35:4550-58; 37:2737-41, 
4764-65, 4776-80; 38:4923-25, 39:5058-62, 5096-98, 
Silos) (yo 1 o-1osbus10139, 10158): Williams, G.L, 
(3824914-18; 68:10164; 86:12992-13001, 10313) 

Bel Kosten, We. (65:9614-20; 66:9648-70, 9700-03, 9714- 
19, 9723-26, 9784-90, 9790-98); Mirosh, E.A. 
(6539596-97; 66:9726-37; 67:9876-81, 9897-98, 9912- 
207 Jo62-07) 

CARC —«s_ Lent, P.C. (105:16159, 16168) 

Unions Canadian Pipeline Advisory Council & United 
(Private) Association of Plumbing and Pipefitting, St. Eloi, 

Denes (louse Lo 2, (2000 5) ceMart Locsin. hace 

(TEOe 2792 1,, 27900 ., 280 12) s.WnireLord.s al. 
(180:28008) ; Nessel, I. (180:28014, 28016); 
Building Trades Council, McCambly, J.A. (181:28402, 
2805077 2807.7) 
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PIPELINE AND FACILITIES 

De lng umisr tare: 6: eS 

GRADING AND GROUND PROTECTION 

GENERAL RECOMMENDATION 

The Company shall endeavour to minimize disturbance to and 

destruction of the ground surface along the pipeline right-of- 

way by adopting an "arctic pipeline construction" technique 

and using snow roads to the greatest extent possible, and by 

minimizing as far as possible the amount of cut-grading, 

"conventional winter pipeline construction" and summer or fall 

construction from gravel work pads. 

DISCUSSION 

A considerable extent of severe ground disturbance along the 

pipeline right-of-way is inevitable. The primary cause of 

such disturbance is the actual excavation of the trench in 

which the pipe is laid and its backfilling. Secondary causes 

of disturbance include right-of-way cuts in areas of rough 

ground,” atothe crest of slopes and valley walls and in the 

banks of rivers and streams; grading for access roads, cuts 

for borrow pits and quarries, and grading for the construction 

off facility sites. se ga wi 

The disturbance accociated with borrow pits, quarries and 

facility sites is of less concern than that resulting from 

the grading of the right-of-way or roads. Borrow-pits and 

quarries, by their very nature, result in major reshapings of 

the landscave and so is a requirement for a major rehabilitation 

effort. Furthermore, pits and quarries needed for this 

project will normally be opened in materials that are neither 

erosion-sensitive nor thaw-sensitive. The facility sites are 

of less concern because their location can be adjusted some- 

what to minimize their impact, and because the surface of the 

site will be protected by a pad of fill, capped with an 

erosion resistant wearing-surface of granular material. 

The pipeline right-of-way and all the access roads are - 

rather different in that they have to be continuous through- 

out their length. Thus they occasionally have to cross areas 

of bad or sensitive ground. Such areas can sometimes be 

avoided by changing the alignment generally with a concomitant 
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Pipeline and Facilities 

Grading and Ground Protection 

increase in the dollar cost of the project. In many cases, 

however, the problem areas cannot be avoided. 

As some disturbance is inevitable, the objective of the terms 

and conditions must be to endeavour to keep the amount of 

disturbance within acceptable levels. This may be done by 

requiring constraints on the season of certain activities 

being undertaken, on the equipment used and on the manner of 

operations of such equipment. 

With the exception of the northernmost 50 miles of the Foothills 

Mainline, both Applicants have already proposed the first step 

in this minimization process, namely to construct their pipe- 

lines in winter. The advantages of winter construction are 

numerous, and they encompass many areas of concern outside the 

topic of this section. The direct advantages of interest 

here include the ground being frozen and snow covered, and 

so able to support the weight of heavy work equipment, the 

absence of running water in most streams and small rivers, the 

reduced risk of forest fire, etc. 

Both Applicants propose to use essentially the same range of 

equipment in constructing the pipeline. This will all be 

standard pipelaying equipment except that more off-road vehicles 

may be used particularly in the construction of new roads. 

There is some difference in the manner in which the Applicants 

propose to construct different parts of their respective 

pipelines. Arctic Gas proposes to use a modified technique 

of pipelaying in areas of sensitive permafrost, the so-called 

"arctic" construction technique. In its applications, the 

proposal was to use this "arctic" technique generally north 

of about_65°N and conventional winter construction south of 

about 65 N. There was considerable discussion of this 

during the formal hearings, and Arctic Gas witnesses agreed 

there was more sensitive terrain further south than they had 

originally expected and that the arctic technique would be 

used wherever necessary. 

Foothills did not distinguish between arctic and conventional 

pipelaying techniques in its application, or in the formal 

hearings. The general impression given was that Foothills 

proposes to use a "conventional" technique for much more of 

the pipeline than Arctic Gas. Foothills also proposes to 

clear and grade much of the right-of-way during the winter 

preceding the first winter of pipelaying. The only exception 

to this would be side hill areas in sensitive permafrost terrain. 

Foothills' proposal to construct its northernmost 50 miles 

of mainline in. fall from a gravel work pad has a considerable 

potential for ground surface disturbance. This Wild occur at 

the many breaks that will be left in the pad to provide for 

— 
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Pipeline and Facilities 
Grading and Ground Protection 

surface drainage and streams to cross the alighment. Each of 
these breaks has to be filled in with a culvert before 
construction can commence, becuase of the need for men and 

equipment and supplies to move along the right-of-way. Each 
culvert then has to be removed and each break filled with 
gravel for the operations of trenching, lowering-in and 
backfilling. Each culvert is then replaced to allow for 
more travel, and finally each culvert is removed when all 
construction has ceased. The potential for severe damage 
to the ground at each break in the pad is obvious. Other 
disadvantages of this proposal are commented on elsewhere 
in this submission. 

RECOMMENDATIONS: 

a by In constructing the pipeline, the Company shall adopt 
techniques which minimze disturbance to or destruction 
of the ground surface vegetation mat. Company designs 
and construction methods shall minimize the uses of cuts 
and grading of the ground surface in all sensitive 
permafrost areas. 

Construction of the pipeline north of 60°N shall be 
done in winter from a snow work pad ("arctic" construction 
mode of Arctic Gas) and work from a graded right-of-way 
surface (conventional construction mode of Arctic Gas) 
shall be used only where authorized by the Agency (in 
answer to a Company request) in areas of stable ground. 

Construction of the pipeline at any time of year other 

than winter (e.g. summer or autumn) and/or from a gravel-fill 

work pad shall be permitted only where approved by the 

Agency based upon a submission by the Company demonstrating 

the need for and advantages of this depacture. 

As part of the final design, the Company shall submit 

detailed plan and profiles of the right-of-way indicating 

the construction method proposed for each part of the 

Bipeline. This submissions should show: 

a) the depth and width of all cuts in the right-of-way; 

b) the width of the right-of-way that will be disturbed 

by grading, ditching, spoil storage and backfilling; 

Cc) the thickness and width of all fills and embankments; 

d) when, how and with what equipment each part of the 

pipeline is proposed to be built; and 

e) the general nature of all drainage and erosion control 
devices proposed for each part of the right-of-way 
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Pipeline and Facilities 
Grading and Ground Protection 

Similar plans and profiles should be submitted for all 

access roads, trails and shoo-fly roads. 

The plans should be on a contoured orthophoto base, at 

a scale of not less than 1 inch to 1000 feet, with a 

contour interval of 5 feet. Similar plans should be 

provided for all facilities related to the construction 

and operation of the pipeline. 

Comment: These specifications are taken from the proposals 

regarding final design alignment sheets made by Clark and 

Williams (29:3619-21). The availability of a contoured 

“orthophoto mosaic is of considerable value in the design 

review tor any transportation structure. It facilitates 

consideration of drainage problems, stream crossings, 

relationship of borrow areas to their surroundings, routing 

of access roads, relationship to swamps, wetlands and 

thermofrost areas, and the general aesthetics of the design. 

5% Grading of the right-of-way shall not be done more than 

three months ahead of the construction of any section 

of the pipeline except where authorized by the Agency. 

& ¢ 
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Pipeline and Facilities 
Grading and Ground Protection 

SOURCES OF INFORMATION 

se Transcripts, Exhibits, Basic Documents 

CAGPL Dau, P.H. and Harlan, R.L. (39:5106-14); 

Clark, J.I. and Williams, G.L. (29:3619-21) 

FH Bauer A.F. (65:8606-12; 67:9844-55, 9943-58); 

Kosten, W. (67:10025-26); Mirosh, E.A. (67:9844-55) 

CAGPL Application, Sections, Bub. le, olo vac, -boete Neo me sty 

Ate Neg 2c 

Responses, Questions 18 and 20 

FH Application, (as revised to 5 August 1976) 

Sections 3B-2, 3D-2.3, 5D-4.4.3 

PARGy Report, Sections 8.4, 8.5, 8.6 and 8.14 
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Pipeline and Facilities 

VEGETATION CLEARING 

GENERAL RECOMMENDATION 

1. The Company shall minimize the environmental impact from 
vegetation clearing to the right-of-way and adjacent areas by 
appropriate control and scheduling. The area cleared shall be 
as limited as possible, clearing methods shall be such that 
terrain damage is minimized and the time between clearing and 
the implementation of terrain stabilization measures shail be 
as short as possible. . 

DISCUSSION 

The development of the gas pipeline and its associated facilities 
necessitates the clearing of trees from the lands to be used, 
principally the pipeline right-of-way. Although timber will be 
felled and habitat lost within those areas, the changes need not 
lead to any substantial environmental damage provided certain 
specified precautions are taken. 

The proposed clearing procedures are of more serious concern, 
particularly the scheduling of clearing and the specific 
application of machine clearing. For instance, the clearing of 
the right-of-way a year or more in advance of construction will 
leave a disturbed surface exposed to at least a spring thaw and a 
summer melt. This is especially critical on slopes where terrain 
subsidence, slope instability and stream siltation could all 
result. It is important that the period between clearing and the 
beginning of pipeline construction be shortened as far as is 
practicable and that any activities such as grubbing or grading 
be delayed as long as is possible (see "Grading and Protection of 
Right-of-Way"). The differences between the proposed clearing 
procedures of the two Applicants are ones of scheduling and area 
cleared, and not generally technique. They are similar in that 
both will hand clear sensitive permafrost terrain and machine 
clear elsewhere. There may be problems in adequately defining, 
sensitive permafrost terrain. 

Canadian Arctic Gas will schedule its clearing the winter before 
pipeline construction if machine clearing is used and the summer 

before pipeline construction if hand clearing is used. Foothills, 
on the other hand, proposes only winter clearing. Hand clearing 
will take place immediately prior to pipeline construction 
whereas all machine clearing, with the possible exception of the 
most southerly spread, will take place the winter season before 
pipeline construction. This means that some sections of the 
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Pipeline and Facilities 
Vegetation Clearing 

right-of-way will be cleared a full two years before pipeline 
construction begins. The Yellowknife-Pine Point community 
lateral, and possibly the most southerly construction spread will 
be machine cleared just prior to pipeline construction. 

Foothills would clear a larger area than Canadian Arctic Gas. 
The mainline clearing requirements of the two Applicants would be 
roughly equal but Foothills has, in addition to the mainline, the 
fairly extensive clearing requirements for the Yellowknife-Pine 
Point community lateral. 

The recommendations that follow are proposed to minimize the area 
disturbed because of clearing and to limit terrain degradation. 
They are not unique to the pipeline project but are a 
consolidation of the applicable conditions, with some 
modifications to meet the particular requirements of the 
pipeline, currently applied through various Land Use Permits and 

leases. 

Preliminary Design 

1. As part of the preliminary design the Company shall provide 
its plans for right-of-way clearing. These plans shall 
include information on: 

(a) the location of all areas to be cleared; 

(b) the methods proposed to clear these areas, including 
disposal; 

(c) the timing of clearing with respect to the pipeline 
construction schedule; 

(a) fire protection measures; 

(e) areas of merchantable timber, its harvest and disposal; 

and 

(f) interim terrain stabilization measures. 

Specific Recommendations 

2. All clearing boundaries to be marked prior to the 

commencement of clearing activities. 
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10. 

11. 

12. 

Pipeline and Facilities 
Vegetation Clearing 

No vegetation shall be cleared from outside the clearing 
boundaries (with the exceptions noted in 4) and all blazed, 

pointed or posted trees which are on or within, or mark, 
clearing boundaries are reserved from cutting and removal. 

Dangerous trees and snags with their base outside the 
clearing boundaries but leaning into the cleared area shall 
be removed using hand tools. . 

Only the minimum area necessary for the construction of the 
pipeline or any particular appurtenance shall be cleared. 

Along those sections of the right-of-way where alternate 
access is required, the width of the right-of-way to be 
cleared shall be the full width (120 feet) less an amount 
equal to the width of the access road. Sections of the 
right-of-way where cuts are required are executed. 

The cleared width of alternate access shall not exceed 50 
feet. 

Clearing may be performed either by hand or machine, subject 
to the provisions that follow. The methods chosen will be 
those which minimize disturbance of the surface vegetation 
and organic layer. 

All bulldozer blades shall be equipped with mushroom shoes 
(except in those areas where grading will be allowed) and all 
equipment used in clearing shall be adequately powered. 

The period between the initiation of disturbance by clearing 
and the implementation of erosion control procedures shall be 
as short as practicable. Clearing two winter seasons in 
advance of construction is not acceptable, . 

Where the right-of-way will be cleared a year in advance of 
construction, there shall be no clearing of vegetation from 
river and stream banks, valley walis and slopes greater than 
6° except for that required to allow the movement of men and 
equipment. 

The clearing of sensitive permafrost areas shall be delayed 
Gir ust, Prior co Cons ruc TioOn. 
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Pipeline and Facilities 
Vegetation Clearing 

Machine clearing will be restricted to the winter 
construction season and shall not begin before there is 8 
inches of frost penetration and 4 inches of snow cover. The 
shutdown of clearing operations in the spring will be at the 
discretion of the Agency. Hand clearing can take place at 
anytime subject to prior approval by the Agency. 

All clearing required for location surveys, and especially 
that required for the testing of borrow, shall be by hand. 

Areas, such as the approaches to aircraft runways or the 
perimeter of compressor station sites, where no other 
activity than clearing is required, shall be hand cleared to 
minimize disturbance of the surface vegetation and organic 
mate 

All river and stream banks, valley walls and slopes greater 
than 6° will be hand cleared. 

All vegetation at the tops of cuts will be hand cleared. 

Winter trails and all other temporary access will be hand 
cleared. 

There will be no traffic on unprepared surfaces during the 
thaw season. 

No grubbing or disturbance of the ground surface (e.g. 
removal of the organic mat, levelling of hummocks etc.) to 

facilitate vehicle movement, either along the right-of-way or 
along access roads, shall be allowed during the clearing 
phase. Grubbing and grading of the right-of-way in areas of 
conventional construction shall not take place until the 
winter season of construction. 

Where ground disturbance has occurred, inadvertantly or 
otherwise, interim stabilization measures may be required. 

All trees, brush and other woody material cut in connection 

with the clearing operations shall be cut so that the 
resulting stumps shall be no higher than six inches measured 
from the ground to the uphill side. 

Where clearing operations involve the cutting of merchantable 
timber (as identified by DIAND), the operator shall notify 
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Pipeline and Facilities 
Vegetation Clearing 

the Agency of the amount, if any, which will be cut, removed, 
or destroyed in the construction of the pipeline system and 
shall pay the Government of Canada the sum of money the 
Agency shall determine to be the value of the timber to be 
cut, removed, or destroyed with the exception of that timber 
removed by local communities. 

All merchantable timber shall be felled by hand. 

Local communities shall have first refusal for any stands of 
merchantable timber that they might eventually have used had 
there been no pipeline. | 

Merchantable timber shall be cut and stacked. If not used 
within two years, such stacked timber shall be disposed of by 
burning. 

No log landing shall be located within three hundred feet of 
any watercourse, 

Logs shall not be skidded or yarded across any stream without 
the prior approval of the Agency. 

There will be complete disposal of all trees, snags, brush 
and other woody material resulting from clearing Operation, 
by burning, with the exception of survey lines and winter 
trails where lopping and scattering will be sufficient. The 
use of chippers may be authorized by the Agency. 

The disposal of cleared woody material shall be concurrent 
with clearing except where there is summer clearing and 
burning would be hazardous. Disposal will then take place 
,che following winter season. 

The burning of slash, etc. shall be carried out on racks or 
Sleds, designed for the purpose, or on rock surfaces, or any 
other such area where suksidence due to thawing will not 
occur. Burning shall be carried out under controlled 
conditions in winter when the fire hazard is negligible. 

No burn area shall be located within 300 feet of a river, 
stream or lake. 

All clearing debris that may block stream flow, hinder fish 
passage or contribute to flood damage as the result of stream 
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Pipeline and Facilities 
Vegetation Clearing 

bed scour or erosion shall be removed and disposed of by 
burning. Wood chips or tree bark shall not be permitted to 
enter and shall not be deposited in any waterbody. 

34. All residue from burning and all non-combustible waste shall 
be buried in spent borrow areas. 

35. Clean-up of all areas shall be carried out to the 
satisfaction of the Agency. 

SOURCES OF INFORMATION 

1. Transcripts, Exhibits, Basic Documents 

CAGPL Marshall, J. (67:9931) 

FH Kosten, We (65:9619; 6639313); Mirosh, E.A. 
(6639657, 9660, 9667: 67:9910) 

CAGPL Application (as amended to 8 March 1976). 

Consolidation Filing. 

FH Application (as amended to 23 August 1976). 

PAAG Recommendations. 

Reports 

Environmental Protection Board 
1974 Towards and environmental code 
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Pipeline Facilities 

SNOW ROADS 

GENERAL RECOMMENDATIONS 

The Company shall, for environmental reasons, use snow roads when 
Operating in areas of permafrost and sensitive terrain. 

The Company shall, where problems are encountered in the use of 
snow roads, overcome these problems by adjusting schedules, using 
alternate sources of snow, or other such means but not by 
abandoning snow roads for other procedures. 

The Company shall construct, maintain and abandon snow roads in 
such a manner that disturbance of the vegetation and ground 
surface is minimized, that there be no diminution of aquatic 

* resources and that there be no interference with wildlife. 

DISCUSSION 

Pipeline construction as proposed by both Applicants is dependent 
On snow roads. They form an integral part of the two 
construction plans and are necessary if terrain damage is to be 
limited to standards acceptable to government. There are still, 
however, fundamental concerns about their suitability in certain 
areas despite the considerable evidence. presented at the Inquiry. 
These concerns are different from those relating to possible 
terrain impacts resulting from the use of such roads once 
constructed. There are two such fundamental concerns each of 
which has quite different implications. The first is one of 
scheduling and applies to both Applicants. In the more southern 
Spreads the actual construction season, as determined by the 
availability of a suitable snow road, may be shorter than 
anticipated by the Applicants (EPB, 1974). The accommodation of 
this problem by the Company may require that the length of the 
construction spreads be shortened, or that additional crews and 
equipment be added or, where terrain and other environmental 
conditions permit, that another type of haul road and work pad be 
built, 

The second concern involves the Mackenzie Delta and Yukon Coastal 
Plain, where snowfalls early in the season may not yield 
sufficient snow to build the haul road and the work pad required 
by the construction schedule. There is a variance of opinion on 
this. Weedon (CARC) has stated, on the basis of experience in 
Alaska, that Arctic Gas has not ",.. satisfactorily demonstrated 
the feasibility of its proposal in its application to construct 
(a snow road] on the Arctic Coastal Plain ..." (54:7546) because 
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Pipeline and Facilities 
Snow Roads 

recipitation in the region is light, especially early in the 
winter, Foothills has raised doubts about the ability of Arctic 
Gas to construct a snow road, when required, across the Yukon 
Coastal Plain (Williams, cr.ex. Gibbs, 131:19898-912, 19929-33) 
and about its own ability to construct a snow road in the 
Mackenzie Delta area (Gibbs, 131:19938). The Environment 
Protection Board has also said that there may be problems of 
physically constructing a snow road across the Yukon Coastal 
Plain (Adams, 107:.13364).. 

Arctic Gas, however, is not relying on natural snowfalls but will 
harvest snow using fences (Williams, 34:4483) and, in the event 
of a shortage of snow early in the construction season, is 
prepared to manufacture 10 to 20 miles of snow road (Williams, 
131319903). The suitability of such snow fences and of snow 
manufacturing equipment to provide snow for the construction of 
snow roads has had only limited testing. There have been no 
tests at a scale and in a location similar to those required for 
pipeline construction nor has there been field research on the 
general subject of snow fence interference with wildlife 
(Jakimchuk, CAG, 96:14676). Such testing would seem to be 
required. 4 

As the impact of the construction of the pipeline across the 
Yukon Coastal Plain and the Mackenzie Delta has been assessed on 
the basis of winter construction and the use of snow roads 
(Hemstock, CAG, 80:11918) Arctic Gas must demonstrate to the 
Satisfaction of the government that it can complete the project 
in the way that it has proposed. Permanent roads and gravel work 
pads are considered to be environmentally unacceptable on the 
Yukon Coastal Plain and across the Mackenzie Delta. 

In those areas where it has been demonstrated that the 
construction of snow roads is feasible, it is important to limit 
disturbance to the surface vegetation and the organic layer in 
order to avoid problems associated with permafrost degradation, 
terrain instability and erosion. Snow roads can be an invaluable 
aid in limiting such disturbance but the snow roads must be 
constructed, maintained and abandoned in such a manner that they 
themselves do not contribute to such disturbance. 

Snow roads are not a feature unique to this proposed pipeline: 
they are commonly used now in the North, primarily in the support 
of hydrocarbon exploration. Pipeline snow roads, however, are 
unique in the standards to which they will be constructed and in 





Pipeline and Facilities 
Snow Roads 

the volume and weight of traffic they will be required to carry. 
The haul road, designed to carry wheeled vehicles, will be 
constructed to higher standards than the adjacent work pad which 
will carry tracked vehicles only. 

The major environmental concern stems from the Company's need to 
exploit fully the available winter construction season and +o 
accommodate the year-to-year variation and uncertainty that occur 
in snowfall and other climatic factors. Appreciable terrain 
disturbance and environmental harm can be done in early winter if 
attempts are made to construct and use snow roads before frost 
and snow conditions are suitable. The same danger is present in 
the spring if roads are used past the point where they are able 
to protect the ground surface, 

Considerable but unnecessary terrain damage could result during 
the preparation of snow roads if the Company adheres to a fixed 
schedule. Such schedules cannot take into account the variations 
in climate that occur between localities and successive years. 
Before the preparations can begin there must be sufficient frost 
penetration to support the vehicles and there must be sufficient 
snow cover to protect the surface vegetation. A complicating 
factor is the natural variability in frost penetration from place 
to place and year to year. Streams, drainage channels and other 
wet areas freeze more slowly than intervening areas and act as 
vehicle barriers delaying road preparation. The crossing of such 
drainage ways will have to be delayed until there is sufficient 
frost penetration to support vehicle movement or, if this is not 
possible, temporary crossing structures will be required. 

Quantity of snow may also be a limiting factor in some areas in 
some years, Where meteorological records indicate that snowfall 
may be inadequate to construct a suitable road, snow harvesting 
will be necessary. Two methods have been proposed: the erection 
of snow fences to accumulate drifting snow and the "gathering" of 
snow from lake surfaces. Such snow harvesting is of some 
environmental concern in that snow fences could interfere with 
wildlife movements and vehicle access to lakes could cause bank 
degradation. Snow manufacturing, which can also be used to 
supplement low snowfalis at the beginning of the construction 
season, is of environmental concern relative to the effect of 
water level change on fish and aquatic wildlife. 

Limited but acceptable impact to the vegetation and terrain is 
expected from the use of the snow roads during pipeline 





Pipeline and Facilities 

Snow Roads 

construction provided that these roads are regularly maintained 
and repaired. It is important that direct contact between 
vehicles and the ground surface be limited, especially on slopes 
and valley walls where such disturbance could lead to terrain 
SnoStailre ve 

The greatest concern lies with the cessation of construction 
activity and the abandonment of the snow road in the Spring. The 
Company will request, and not unreasonably, to be allowed to use 
the snow roads as late as possible in the spring. This 
requirement should be accommodated by the Agency but without 
jeopardizing the environment in any way. The difficulty in this 
is that any shut-off date of pipeline construction activity is 
dependent on the weather and this varies from year to year. The 
Company will be required to respond to an anticipated shut down 
date based on limited historical data and to an absolute shut 
down date based on actual snow road conditions. Gocd planning is 
Critical at this stage because not only must construction 
activity cease rapidly and without environmental harm, but the 
snow road itself must be left in such a way that it does not 
channel or concentrate overland flow or interfere with the break- 
up of streams and rivers. 

There are no fundamental differences between Arctic Gas and 
Foothills in the methods of construction of snow roads and the 
uses to which they will be put.. Foothills, however, expresses 
much less dependence on snow roads for the completion of the 
project than does Arctic Gas, especially in the Mackenzie Delta 
region where snowfalls may be inadequate. 

RFCOMMENDATIONS. 

General © 

1. Construction of any part of the pipeline within the 
discontinuous and continuous permafrost region shall take 
place in winter from snow working surfaces and snow roads, 
except where some different logistic mode is approved by the 
Agency. 

2. Any pipeline approved for construction on any part of the 
Mackenzie Delta (the modern river delta) or on the Yukon 
Coastal Plain west of the delta shall be built only in winter 
from snow working surfaces and snow roads. That is, the 
construction mode shall not differ basically from that 





Pipeline and Facilities 
Snow Roads 

presently proposed by Arctic Gas and use of gravel pads and 
gravel roads shall not exceed the limited scale involved in 
the present Application. On no account shall a gravel work 
pad be built along the right-of-way or any gravel road be 
built alcng or to the pipeline route. 

The use of the Fort Simpson-Inuvik winter road, if required 
in support of pipeline construction, shall be without major 
modification to routes or grades and without cuts, grading, 
widening or relocation. In its present form this winter road 
is not suitable for major pipeline transport 

Preliminary Design 

4, As part of its preliminary design submission, the Company 
shall provide convincing evidence that the required snow 
roads along the Yukon Coastal Plain are technically feasible 
and environmentally acceptable. As part of this 
demonstration, the Company shall conduct tests of snow 
harvesting using fences on the Yukon Coastal Plain for at 
least three consecutive years. Some aspects to be considered 
are: orientation of the fences; time and rate of snow 
accumulation; harvesting techniques that minimize surface 
disturbance; spacing; removal of fences prior to spring melt; 
and rehabilitation procedures. A demonstration of road 
building capability using snow manufacturing equipment shall 
also be included. 

Prior to the commencement of final design the Company shall 
Submit for Agency approval a preliminary design for all snow 
work pads and winter trails required for the project 
documenting: 
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(a) 

(b) 

(Cc) 

(d) 

Pipeline and Facilities 

Snow Roads 

the location of all snow roads, snow work pads, winter 
trails and stream and river crossings (in map form) 
required for the project; 

a general Overall Plan for all water withdrawals 
required for snow road construction as specified in 
"Water Supply and Intakes"; 

the design standards to be applied, including those for 
stream and river crossings, and the suitability of these 
for their specific purpose; maximum grades and limits on 
vertical and horizontal curvature shall be specified; 
and 

the design rationale that was used in determining the 
design standard and location for each snow road type. 

Specific Design 

6. Snow road plans will be approved separately for each 
construction spread. The following information will be 
submitted to the Agency: 

(a) 

(b) 

(Cc) 

(d) 

the exact location of all snow roads, potential water 
sources and lakes to be used for snow harvest, shown on 
photo-mosaic maps (scale 1":1000'); and include access 
trails to water sources and snow harvest lakes as well 
as the probable location for snow harvest fences; 

the methods and equipment to be used for right-of-way 
preparation (including enhancement of frost 
penetration), snow harvesting and hauling, snow 
compaction and ice capping; 

the expected date when snow road construction can begin, 
the date the snow road is required for use, and the 
flexibility in this latter date; 

the nature, number and location of wet areas (including 
but not exclusively, rivers and streams) that must be 

crossed when constructing snow roads, the construction 

methods to be used to cross those areas, and the 

required crossing date for each area; 
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Pipeline and Facilities 
Snow Roads 

(e) the dates when snow harvesting from lake surface is to 
begin and the amounts of snow to be harvested; this 
shall include information on equipment logistics, access 
routes to each lake and lake margin, and rehabilitation 
procedures, especially for damaged lake margins; 

(f) the date and method of placement of snow fences, 
wildlife protection measures, snow harvesting 
techniques, the date and method of snow fence removal, 
and rehabilitation procedures, both for terrain damaged 
because of vehicle activity during harvesting and for 
erosion resulting from increased run-off; 

(g) the access routes to all water sources required for snow 
road construction and equipment logistics, especially 
those for snow manufacturing equipment; 

(h) the methods and equipment to be used for ice bridge 
construction, including the approaches; 

(i) the methods and equipment to be used to maintain the 
snow roads; 

(j) the dates for the termination of use of each road at the 
end of the winter construction season, and the detailed 
procedures that the Company will apply to terminate 
their use; and 

(kK) the abandonment procedures to be applied to snow roads 
when their use is terminated to ensure that river and 
stream crossings do not interfere with normal break-up 
and that overland drainage is not blocked or 
concentrated. Rehabilitation procedures shall also be 
specified. 

Performance Criteria 

7. Winter road preparation shall not begin before frost has 
penetrated at least 8 inches into the ground and 4 inches of 
snow has accumulated. However, the acceleration of frost 
penetration may be permitted by the Agency when there is 4 
inches of natural frost penetration and 4 inches of snow 
cover.- Equipment type and use must be approved by the 
Agency. 
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14, 

15. 

16. 

Pipeline and Facilities 
Snow Roads 

An Agency approved temporary crossing structure is required 
for all crossings of unfrozen streams, either during the 
preparation of snow roads or during the construction of the 
pipeline. There will be no passage of vehicles through 
stream beds. 

Equipment required for the manufacture of snow for road 
construction must be placed and used without causing terrain 
damage. 

Water use must be from an approved source (see "Water 
Supplies and Intakes"), 

Fences required for the collection of snow shall be placed in 
such a manner that they do not interfere with wildlife 
movements. Such fences will be removed by the completion of 
each construction season; no fences will remain in place 
across a summer season. 

Access to lakes for the purpose of snow harvesting or +o 
lakes or streams for water removal must be done in such a way 
that damage to margins and banks is limited. No cuts will be 
allowed and all fills must be made of snow or ice or both. 
Terrain damage must be repaired as soon as practicable (see 
also "Water Supplies and Intakes"), 

Snow roads must have a compacted thickness of 10 inches and a 
density of 0.6 gms. per cubic centimeter or greater before 
full wheeled traffic will be allowed. In areas of hummocky 
terrain the compacted snow depth will be measured from the 
crest of the hummocks, 

Stream crossings, other than temporary bridges, shall be made 
of snow or ice or both. No earth, timber, or brush shall 
form any part of such a crossing. 

The snow roads will be maintained to prevent contact between 
vehicle wheels or tracks and the ground surface. 

The Company shall begin the termination of its winter 
construction activities on a week's notice and shall be 
prepared to cease all construction activity on 48 hours! 
notice. 



ey ' 5 at 

te 

bs wi 2 ; 728 + tm 

toe ands atti ¢ 
2 66.5555” 3D eo 

: > ta -z ~~, 
oy i oe! Be 

= dine 
: : Sug 

' 

a" +2) IO? an? 

- - ~ _ 

rT 4 ‘> “ be a ar Fe 

: Se : . 

a - > * + 
- eM - * 

9°O6é <a S oO 7 

a 

» wee wet ae 

j * F< 
~ bd == oe % ~*~ 

ess : 

- ._ 2 , 

Lan - dl 

< Pa a 

ri ot x 

- te “ 

~ © - = - 
— © : ee + ~ | iow i Nak. ne? = 4 oS 

= 24 OG H } ako % < A — = omit a fed Stoel TS feece co woseeleies O4dg9/5 rears) 
rt 4 Tae « : an] 5 ol "re a im -_ = f sta 7, = @ wis iis ~ hap’ beroegeneh 

wo aoc) Sborwesia o¢ I te @ 

r bd g Zz ui . 

328m: Wl CANE ~heRe Cel! Yaeuc 
Liede . 7 3O ,usuele . 

ice a “y Fie “aya l92VIG= JOLIN Yoevens.eF & 
4S 275) > bri ba 

. sazakd tel So rey rer neg: re 
i ade (Ges, olen 2% = 

'exzpedg 29 Ap al a a woe > ee > - ehane 
_ | -) 

- 

- ‘ 

=4 + 

<1, a th > 
7 



al TAS 

18, 
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20, 

Pipeline and Facilities 
Snow Roads 

The Company shall remove all material, plant and equipment 
from the werk area prior to abandonment of the winter road. 
Should such removal be impossible, the Company shall store 
Such material, plant, and equipment in a location approved by 
the Agency. Such material, plant and equipment shall not be 
moved from such an area without the prior approval of the 
Agency. 

All crossings of minor streams and rivers shall be removed 
prior to break-up, 

The snow road will be cross-ditched in areas where the 
concentration or diversion of overland flow in spring could 
result in erosion. 

Terrain damaged during the construction, operation and 
abandonment of the snow road will be repaired the following 
summer, 

SOURCES OF INFORMATION 

Transcripts, Exhibits, Basic Documents 

CAGPL Hemstock, R.A. (80:11918); Jakimchuk, R.D. 

(96:14676); Williams, G.L. (34:4483; 86:13046; 
1313:19898-912, 19929-33) 

FH Gibbs, R. (131:19938); Jarvis, P. (66:9827-31) 

CARC Weedon, R. (54:7546) 

EPB Adam, K. (107:13364) 

Comm. C. LONG ler, De. (C7 2s.10 722—3'1) 

CAGPL Application (as amended to 8 March 1976) 

FH Application (as amended to 23 August 1976) 

PAAG Report 
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Pipéline and Facilities 

GEOTECHNICAL CONSIDERATIONS 

DISCUSSION 

Within the terms of reference of this Inquiry geotechnical 
considerations provide a four-fold basis of concern: 

a) the engineering feasibility of the pipeline; 

b) a potential for pipeline breakage; 

Cc) a potential need for construction of remedial or 
protective measures on a threatened portion of the 
pipeline; and 

a) acceptable engineering performance that is sociaily or 
environmentally undesirable. 

Feasibility is at stake when the solution to an engineering 
problem results in unacceptable costs, or alternatively excessive 
maintenance. In the matter of the proposed pipeline, the 
question of feasibility is a direct outcome of lack of precedent. 
For instance, there is no large scale precedent for a chilled gas 
pipeline. The proposed pipe is expected to heave differentially 
aS it passes through several hundred miles of discontinuous 
permafrost. Arctic Gas has undertaken an extensive laboratory 
and field research program, which is still underway. The 
mechanism and extent of this heave has been the subject of much 
debate during the Inquiry and Arctic Gas has recently (7 October 
1976) reported a laboratory malfunction that has opened up 
additional questions. Fundamental differences in opinion still 
remain. The alternative proposal by Foothills reflects this wide 
difference in opinion. Its proposal to cease to chill the pipe 
further north leaves open the possibility of large scale 
degradation of ice-rich permafrost along the route. Arctic Gas 
has argued against the Foothills proposal and has indicated in 
the NEB hearings that (in the light of new drilling results) it 
is considering moving its southern limit of chilling even further 
south. No one has seriously argued that a gas pipeline cannot b 
successfully built and operated within the Mackenzie Valley; it 
is a matter of determining the limits within which the pipeline 
must be designed and built to ensure acceptable performance. 

Prediction of probable pipeline breakage frequency, 1-in-10 years 
(CAGPL, Responses, Que 22, p.22-1 to 22-3), is based primarily on 
statistics from non-permafrost areas for the operation of warm 
gas lines.. Such statistics do not necessarily apply to the 
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Pipeline and Facilities 
Geotechnical Considerations 

operation of a chilled gas pipeline in permafrost areas. The 
chief consequences of pipeline breakages are: 

a) interruption of gas supply; 

b) ignition and explosion problems; 

c) increased maintenance costs; and 

d) emergency repairs to the line which, if carried out 
during thaw seasons or seasons when wildlife is 
senstitive to disturbance, could result in envircnmental 
damage. 

Items (a) and (c) are outside the terms of reference of the 
Inquiry. Item (b) is reported to be readily controllable. The 
discussion of Item (d) at the Inquiry has centered around two 
points, The first is that the pipeline should be engineered and 
constructed so as to avoid any unnecessary maintenance. The 
second is the importance of a good monitoring program, so that a 
developing problem could be detected, thus permitting repairs or 
remedial action to be planned ahead. 

There are several circumstances which, although acceptable from a 
geotechnical viewpoint, are socially or environmentally 
undesirable. For example the development of the frost bulb 
around the chilled pipe could interrupt drainage and cause 
permafrost degradation, or it could result in the blockage of low 
winter flows or downstream pools in creeks in which fish may 
overwinter, Many of these problems are avoided or mitigated by 
route changes, 

GENERAL RECOMMENDATIONS ae 

The following recommendations relate to geotechnical matters in 
general, and cover those questions dealt with in greater detail 
in the sections of this report entitled "Frost Heave and Thaw 
Settlement", "Slope Stability", and "Pipeline Uplift Problems 
Unrelated to Freezing", 

1. A geotechnical review board consisting preferably of three 
experts, should be appointed by the Agency and should be 
charged with review of all engineering works, detailed 
design, construction procedures, field organization, and 
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Pipeline and Facilities 
Geotechnical Considerations 

monitoring methods involving matters lacking precedent and 
experience. Emphases in qualification of experts comprising 
the board should be depth of experience and overlapping broad 
background. The board should include: 

a) an engineer familiar with cold region geotechnical and 
hydrological problems relevant to design and 
construction of the proposed pipeline; 

b) an earth scientist familiar with surface and subsurface 
conditions along the pipeline route and their 
geotechnical implications; and 

) a gas transmission engineer with extensive background in 
design, construction, and pipeline contract 
administration. 

2. In view of the lack of precedent and limited knowledge of 
actual field conditions relative to various geotechnical 
aspects of the pipeline project, the approach to design, 
construction methods and control should be more conservative 
than is usual in normal pipeline engineering practice. In 
particular, the Company should adopt (and be required to so 
demonstrate) contigency planning throughout. 

Comment: Lack of precedent applies from the basic principle of 
Chilling gas to minor design and construction techniques. It 
also applies to many other aspects of the project not covered by 
this report. Although no-one has seriously questioned the 
engineering feasibility of the project as generally proposed, 
there are many uncertainties and unresolved conflicts over 
details. It is apparent that some of these uncertainties will 
remain at the start of construction, and some will only be 
resolved with observation of pipe behaviour during operation. 

3. In situations where important engineering decisions have to 
be reached using empircal formulas based upon laboratory 
tests or interpretation of poorly known site conditions, 
without the benefit of past experience with similar field 
prototypes, the Company shall demonstrate the sensitivity to 
error of the basis of such decisions. Where the basis for a 
decision is error-sensitive, its reliability should be 
thoroughly established through cross-checking. 
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Pipeline and Facilities 
Geotechnical Considerations 

Although every effort should be made to obtain as much data 
on surface and subsurface conditions as is practicable prior 
to construction, it is inevitable with a pipeline of such 
length and because of the remoteness of the area that much 
important design change information will be revealed during 
construction. This being the case, the design phase should 
be considered as running into and parallel with construction, 
to be terminated only at the end of construction. The 
Company should establish workable and fruitful liaison 
between those responsible for design and those responsible 
for construction. It should be required to demonstrate that 
the design concept with all its engineering and environmental 
implications is in fact being carried through into 
construction. 

The project obviously will need a well selected and organised 
field team for inspection and construction control. Bearing 
in mind the considerable number of people required on this 
team and the seasonal nature of the construction schedule, 

there will be very real problems in obtaining and keeping 
qualified personnel. The need to develop on the one hand a 
reliable system of checking the work to be carried out by 
this team, and on the other hand to render their work as 
error-proof as possible by conservative design, is readily 
apparent. The Company plans in this regard should be 
received by the geotechnical review board. 

It will be necessary to establish an educational program to 
ensure that all field personnel fully appreciate the 
importance and significance of the observations they are 
required to make. 

Further it is essential, bearing in mind the proposed rapid 
pace of construction, that an appropriate and reliable means 
of expediting desirable design changes be established. It is 
expected that this would be done through a field design staff 
without recourse to a distant design office, except for major 
design changes, 

Prior to final design, the Company should adjust its route 
and locations so as to minimize the length of the pipeline 
that crosses terrain which is potentially troublesome in 
terms of frost heave, thaw settlement, slope stability, 
buoyancy control, and erosion. 
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Pipeline and Facilities 
Geotechnical Considerations 

SOURCES OF INFORMATION 

The following list covers information sources for this paper and 
those following entitled "Frost Heave and Thaw Settlement", 
"Slope Stability", and "Pipeline Uplift Problems Unrelated to 
Freezing", 

1. Transcript, Exhibits, Basic Documents 

CAGPL 

DIAND 

MIPL 

PAAG 

2. Reports 

Canada 

1975 

CAGPL 

1976a 

1976b 

Clark, Jsie (29235865) 
Application: Sections 8,9, 13a and 14d.N. 
Responses 

North of 60: Mackenzie Valley Pipeline Inquiry, 
Summaries of Proceedings. 

Prepared Testimony; Phase I; Engineering and 
construction of the proposed pipeline. 

Report 

Industry, Trade Commerce 
Visit to USSR of a group of Canadian experts 
representing the pipeline and the production and 
processing sub-groups of the gas working group of 
the Soviet Canadian Mixed Commission on industrial 
application of science and technology 

Detailed summary of Arctic Gas test holes station 
ME-13 to M-21, East Simpson Route; Evidence 

Response to NEB requests for additional 
information, Vol IV, letter No. 4, Vol V, letter 
No. 4, Question 5-21. 

Carleton University, Geography Department 
1975 Review of documents for Inquiry Appraisal Team, 

MVPI. 
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EBAEngineering Consultants Ltd. 
ne de Terrain study and thaw settlement analysis (Mile 

678-784) (Foothills). 

Environment Protection Board 
1973 Interim report No. 3; Towards an environmental 

Impact Assessment of the portion of the Mackenzie 
gas pipeline from Alaska to Alberta; Appendix IV; 
Geotechnical and hydrological studies; pp. 53-57. 

Foothilis Pire Lines Ltd. 
1976 A preliminary study into the use of insulation to 

alleriate frost heave problems relevant +o the 
Operation of a cold gas pipeline (NEB exhibit N-PD- 
419). 

Roberts, E.C. 
19795 Some aspects of a simple secondary creep model for 

deformations in permafrost slopes; Canadian 
Geotechnical Journal, Vol. 12, Now 1, pp. 98-105. 

McRoberts, -EfC.--et “al? 
1973 A study of landslides in the vicinity of the 

Mackenzie River, Mile 205 to 660; Task force on 
northern oil development, Rept. 73-35. 

1974a The stability of slopes in frozen soil, Mackenzie 
Valley, NWT; Canadian Geotechnical Journal, Vol. 
tte No. 4, PDe 554-573. 

1974b Stability of thawing slopes; Canadian Geotechnical 
Journal, Vol 11, No. 4, pp. 447-469, 

Morgenstern, N.R. et al 
ASS An analysis of the performance of a warm-oil 

pipeline in permafrost, Inuivik, NWT. Canadian 
Geotechnical Journal, Vol. 12, pp. .199-208. 

National Energy Board 
1976 Transcript, Mackenzie Valley hearing, GH-1-76; pp. 

TIOSt— B27 200 PR LOCOS, 2090, 2837-39, 2801, 3817-18, 
4712-74, 5043-44, 6530, 6692-93 and prepared 
testimony by CAGPL, geotechnical panel. 
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Northern Engineering Services Co. Ltd. 
1974a 

1974b 

1974c 

1976a 

19 76D 

Neos 

Depth of overburden cover over the pipe and pipe 
anchorage, technical and cost considerations. 

Some aspects of natural slope stability in 
permafrost in relation to the applicants' proposed 
pipeline. 

Slope stability in permafrost terrain; Interim 
EEPCLT Leo CAGPL (Dratt).. 

N.E.S. response of June, 1976 to Dr. Williams' 
March, 1976 report. 

Additional information on frost heave supplied by 
N.-E.S. pursuant to N.E.B. requests of May 11-14, 
1976. 

Mechanical stress analysis of buried pipeline, 
VOlS ei gmeceanon s. 

Stabililty of excavated submarine slopes in 
Mackenzie River Delta sediments (CAGPL). 

Putanl, DE. et al. 
1974 

Rapp, A. 

n.d. 

Observations on recent highway cuts in permafrost; 
Task force on northern oil development, Rept. No. 
74-32. 

Solifluction and avalanches in the Scandinavian 
mountains; Proceedings of the International 
Permafrost Conference, p. 150. 

Smith, N. et al. 
LoS Encountering massive ground ice during road 

construction in central Alaska; in North America 
contribution to second International Permafrost 
Conference, Yakutsk, pp. 730-736. 

Thurber Consultants (P.K. Chatterji) 
1375 Preliminary review of the geotechnical aspects of 

CAGPL design of a buried chilled gas pipeline, pp. 
83-90. 
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Waza Se is Ue 
T3765 Report on possible heave of chilled pipeline, 

submitted March to IAT,MVPI. 
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Pipeline and Facilities 

FROST HEAVE AND THAW SETTLEMENT 

INTRODUCTION 

Over a Significant part of some 800 miles of pipeline through the 
discontinuous permafrost area, both Applicants propose to 
refrigerate the gas and operate the buried pipeline at 
temperatures kelow the freezing point of water. Chilling of the 
buried pipeline in unfrozen frost susceptible soils will cause 
freezing and formation of ice lenses around the pipe and, hence, 
an upward heave of both the pipe and the ground in the Vicon ty 
of the pipe. 

It is generally agreed that: 

a) the phenomenon of frost heaving applies to a significant 
length of the proposed pipeline,; and 

b) a buried chilled pipeline through discontinuous permafrost is 
an unprecedented project. 

A review of the information available to the Inquiry in regard to 
frost heave and thaw settlement, as they relate to the 
construction and operation of the proposed pipeline indicates 
concerns within the following areas: 

a) the prediction of frost heave and the effectiveness of the 
proposed preventative and remedial measures; 

b) the location of the limit of chilling; 

c) the confirmation of design assumptions during construction; 

d) the monitoring of frost heave after construction; and 

e) the effect on surface and subsurface drainage. . 

This paper deals with the first four of these five concerns. The 
fifth, involving effects on drainage is covered under "Crossings: 
Design Criteria" and "Drainage and Erosion Control". 
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Pipeline and Facilities 
Frost Heave 

PREDICTION OF FROST HEAVE AND EFFECTIVENESS OF 
PREVENTATIVE AND REMEDIAL MEASURES 

DISCUSSION 

Arctic Gas has undertaken a series of laboratory tests anda full 
scale field test in Calgary, to study the frost heave phenomenon. 
From this information it has derived an empirical set of 
equations which it believes encompass the significant parameters 
governing frost heave (NEB Responses, V. IV, Le4, Q.2, App.G). 
The study reveals that the growth of ice lenses at the frost 
front is governed in part by the effective stress at the frost 
front. Once a critical effective stress is reached (the shut-off 
pressure) ice lenses will not grow at the frost front. The shut- 
off pressure varies with soil type but has apparently been 
determined for the range of soils likely to be encountered in the 
field. 

Note 1: On 7 October, 1976, Arctic Gas informed the Inquiry of a 
basic error in their laboratory testing equipment which would 
affect the validity of the tests in predicting the shut-off 
pressure for various soil types. In further evidence given on 
October 15, N.E.S. stated the error was on the unsafe side, 
leading to apparent shut-off pressures significantly lower than 
the correct values. 

The Applicants recognize that differential heave is the most 
important consideration having regard to the adverse effects of 
heave on the pipe. Arctic Gas has carried out a parametric study 
(NES, Mechanical, Stress Analysis of Buried Pipeline, Vols. 1-3) 
which indicates that the time to reach the critical differential 
heave (at which the rupture would occur) is a function of length 
of heave section and the uplift resistance of the frozen ground 
at each end of the heave section. The study indicates that the 
minimum time to rupture, assuming frost heave is not controlled, 
would range from about 8 months to several years.. Assuming the 
emirical method for predicting frost heave and shut-off pressures 
is valid, the study concludes that surcharge loading would be an 
effective technique to limit differential heave to acceptable 
amounts. 
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Pipeline and Facilities 

Frost Heave 

It is, of course, not necessary to eliminate heave, . 

——- _—_—_—_———————————— eee 

Note 2: The faulty laboratory test results for shut-off pressure 
announced by Arctic Gas on 7 October, 1976 have been used in 
preparing the emperical equations which in turn are used for 
predicting field shut-off pressures and the selection and design 
of control measures. The validity of the empirical equations is 
thus questionable, adding uncertainty to the use of deep burial 
and surcharge as a means of controlling frost heave. 

—----———e—eeeeereee————————— 

Based on this understanding cf the frost heave problem, both 
Applicants have proposed the following preventative and remedial 
measures to limit the effects of frost heave: 

a) Surcharging the ground surface with a berm so that the 
overburden pressure at the frost front below the pipe 
approaches the shut-off pressure, . 

b) Burying the pipe to greater depths so that higher effective 
pressures are achieved at the frost front. 

c) Excavation of frost susceptible material and replacement with 
non-frost susceptible material. 

d) Use of insulation around the pipe along with granular 
backfill below the insulation is being considered by 
Foothills (NEB, 6692-93).. Arctic Gas is also considering 
this procedure for special circumstances (e.g. deep peat 
deposits). 

€) Dual pipelines at river crossings so that gas flow can be ‘run 
alternatively between each pipe (CAGPL to NEB, May 1976, 
be C9 ee 

f) Locally increasing the temperature of the gas to relieve the 
stresses from frost heave (NEB, 5712-74). 

g) Localized freezing to accelerate the growth of the frost 
bulb, so that the frost front beneath the pipe rapidly 
penetrates to a depth where the overburden pressure is in 
close proximity to the shut-off pressure (29:3585). 
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Pipeline and Facilities 
Frost Heave 

h) Use of slip joints or pliant clay around’the pipe, to reduce 
pipe stresses where unavoidable critical differential heave 
is anticipated (NEB, 2685, 2841, 3817-18). 

Both Applicants propose to use measures (a) and (b) extensively 
and the remaining measures are being treated as alternate 
contingency terms. It is apparent that all of the above 
techniques have practical limitations and laboratory or field 
data to indicate their effectiveness is limited and, in some 
cases, non-existent. 

The Applicants plan to identify areas of potential heave along 
the route prior to construction and decide on the type of measure 
to limit frost heaving at specific locations. They have 
characterized a number of terrain types with respect to potential 
for frost heaving and this work is to be continued. They then 
propose to determine the distribution of unfrozen soils along the 
route -Fy geophysical profiling immediately after right-of-way 
clearing (NEB 2690, 2838). Arctic Gas claims that its 
geophysical profiling has proved successful in distinguishing 
between frozen and unfrozen ground (NEB 2689; CAGPL to NEB, May 
19769 ADs 13) 5 

There are three major concerns with regard to the Applicants! 
prediction. of frost heave and the proposed methods for dealing 
with the problem. 

a) The concept of "shut-off" pressures is central to the 
Applicants" approach of predicting and limiting frost heave. 
The validity of the methed for predicting shut-off pressures 
under various terrain conditions and the effectivness of the 
measures proposed for reducing the heave are major concerns. 

Note 3: The announcement by Arctic Gas on 7 October, 1976 that 
the laboratory test results for shut-off pressure are faulty 
reinforces these major concerns (see also Notes 1 and 2) 

There is, unfortunately, no long term support data available. 
The Calgary test site data is relatively short term and has 
not conclusively demonstrated to-date that deep burial with 
berming or replacement of frost susceptible material are 
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Pipeline and Facilities 
Frost Heave 

adequate preventative measures (NEB Exhibit N-PD-370). The 
shut-off pressures in the various test sections have still to 
be reached (NEB 5043344). The restrained section gave an 
initial indication of approaching the shut-off pressure with 
decreasing heave when the frost bulb penetrated from 10 to 14 
feet depth but the results were complicated when an increase 
in the rate of heave was observed in December 1975. Arctic 
Gas believes that the frost bulb at this time started to 
penetrate more frost susceptible soil with a higher shut-off 
pressure (NEB, 5043-44), It is a fact, however, that, 
notwithstanding the availability of the detailed information 
of the soil conditions at this relatively small test site, 
this performance was not anticipated. 

b) Insufficient field data has been obtained to-date to 
establish the locations at which the critical conditions for 
differential, heave will be encountered in the field (NEB 
2837-39). It is uncertain that the worst conditions are 
understood and appreciated, and have been allowed for in the 
analysis to-date. 

c) No full scale tests have been carried out to assess the 
problem of differential heave. The Calgary field tests were 
conducted in near-homogeneous soils and total heave only was 
measured. Concern has been expressed that the developing 
frost bulb in the prototype would have strong and weak 
sections depending upon the heterogeneity of the soil 
conditions, and that any pipe deformations would be 
concentrated in the weak sections. 

The consideration given to the various measures for reducing or 
coping with frost heave is imbalanced. Greatest emphasis has 
been placed on measures (a), (b) and (c). In particular the 
performance of an insulated pipe as proposed by Foothills (NEB 
6530) is sensitive to design and construction errors and possible 
detericration of the insulating material. The design philosophy 
is to limit the penetration of the frost front to a depth of 
approximately 2 1/2 feet below the insulation and where necessary 
replace the soil within this depth range with non-frost 
susceptible material (NEB Exhibit N-PD-419; NEB 6693). Should, 
however, the frost front penetrate beyond the design depth (i.e. 
beyond the gravel) into frost susceptible material, the resulting 
total and differential heave could be greater than would have 
been experienced without the insulation (because of the 
relatively low overburden pressure and closer proximity to the 
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Pipeline and Facilities 
Frost Heave 

pipe). The initial performance of such a faultily insulated pipe 
could ke deceptive in that it could take several years for heave 
problems to develop, and then they could develop rapidly. 

Although it is generally agreed that ice lensing and heave can 
also occur in frozen soil (i.e. behind the frost front), experts 
disagree on whether this phenomenon is of engineering 
significance to the pipeline over the long term (Williams, 1976; 
NES, 1976, Response to Williams, 1976). The study of 
water migration in frozen soils is in its infancy, and the widely 
differing opinions expressed during the Inquiry result in Dare 
from lack of knowledge. 

If the empirical approach for predicting shut-off pressures is 
incorrect on the unsafe side, or the worst conditions are not 
appreciated, then the proposed preventative measures used to 
limit heave may not be adequate. In areas where differential 
heave is of concern, this could result in increased pipe 
maintenance to pipe breakage (in extreme cases), the ccnsequences 
of which were described earlier. 

The selection of a preventative measure would be based, in part, 
upon the prediction of shut-off pressures. Thus an erroneous 
prediction could result in the selection of an unsuitable 
preventative measure. 

It is possible, without adequate field testing, that a 
preventative measure could aggravate a condition it was designed 
to prevent. Further, as in the case of a faultily insulated 
pipe, a major problem could, in effect, lie dormant for several 
initial years of operation, and thus would be "unexpected" when 
it eventually surfaced. 

The available information indicates that, provided the 
performance of the pipe is adequately monitored, there should be 
adequate lead time to take corrective action. It is thus 
important to establish an acceptable schedule for monitoring. 

RECOMMENDATIONS 

1. In view of the uncertainties and concerns about frost heave 
and its control that have been described in this section, it 
is recommended that all design and construction procedures 
relating to frost heave and any changes thereto be 
independently reviewed by the geotechnical review board 
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Pipeline and Facilities 
Frost Heave 

proposed in the foregoing section, and that for this purpose 
the board be supplemented by a physicist thoroughly versed in 
the processes by which soil freezes. Moreover, approval of 
final design by the Agency should be conditioned upon a 
favourable report by the board concerning frost heave 
CONtLO.s 

Unprecedented issues are involved in the geotechnical aspects 
of the engineering and construction of the pipeline. As such 
the detailed experience gained by NES and its consultants is 
unusually valuable both in itself and as a base for further 
necessary investigations and studies. It is in the interests 
of everyone that those ultimately responsible for building 
the pipeline should make a bonafide effort to utilize these 
experienced personnel. Notwithstanding this recommendation, 
the Inquiry has shown first hand the merits of inter-mi xing 
and "fresh blood", 

The pipeline engineers should adopt a cautious approach to 
ensure a suitably conservative design. The design and 
construction contract arrangements should be flexible to 
permit substantial changes as understanding of the field 
conditions and related problems improves. 

The Calgary full scale field tests should be continued until 
they demonstrate conclusively that over the long term the 
various preventative and remedial measures used at the test 
site can reduce pipe heave to acceptable and predictable 
amounts. 

The data obtained from the Calgary test site should be 
reviewed on an ongoing basis and the design methods refined 
accordingly. 

It is recommended that other preventative and remedial 
measures, such as items (d) to (h) in the list at the 
beginning of this section, be given thorough technical and 
economic consideration. . The alternative of elevating the 
pire above ground when heaving cannot be readily controlled 
should also be included. 

Appropriate additional laboratory tests should be conducted 
to assess the significance of frost lens growth behind the 
Trost. front, . 
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Pipeline and Facilities 
Frost Heave 

8. In the light of the announcement by Arctic Gas on October he 
1976 that the laboratory tests for shut-off pressure are 
faulty, it is further recommended that additional laboratory 
tests be carried out to correct the effect of the erroneous 
tests and re-evaluate the empirical equations as they affect 
the feasibility of berming and burial as a form of heave 
control. 

9, It is necessary to complete the field drilling program and 
the geophysical profiling prior to completion of detailed 
design. It is further recommended that micro-scale 
(detailed) subsurface investigations be carried out at 
typical locations where severe differential heave is 
anticipated. 

10. The performance of the pipe should be monitored on a 
routine basis in accordance with an established schedule. 
This schedule should allow for frequent inspections (see 
following paragraphs on "Monitoring of Frost Heave After 
Construction") during the first year of operation.. The 
frequency of monitoring could be reduced thereafter, 
depending on the observed behaviour. 

THE LOCATION OF THE LIMIT OF CHILLING 

DISCUSSION 

The primary purpose of chilling the gas telow the freezing pcint 
of water is to prevent permafrost regression and the associated. 
environmental and thaw-settlement problems. In northern areas 
where the pipeline passes predominantly through ice-rich 
permafrost, the potential problems due to thawing of the ground 
would far outweigh any problems due to frost heave in occasional 
segments of unfrozen ground. In such areas there is little 
question of the merit of chilling the gas. In the southern rare 
of the discontinuous permafrost zone, the percentage of unfrozen 
material along the pipeline route increases to the point, where 
potential problems due to frost heaving outweigh the problems 
associated with the thawing of the permafrost. It is thus 
necessary to establish a geographical limit of chilling which is 
in effect a trade-off of the problems resulting from chilling and 
the problems resulting from thawing of permafrost. Neither 
Applicant has made a final decision on the location of the limit 
of chilling. 
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Pipeline and Facilities 
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Arctic Gas has indicated that based on recent drilling it may 
decide to move the tentative location of the limit of chilling 
South from MP 670 to MP 751 (NEB 1981-82). In this case the gas 
temperature would remain below freezing to a point approximately 
50 miles south of the NWT-Alberta border (i-e@. MP 870). Some 152 
test holes have been drilled along the Fast Simpson Route (NEB 
Exhibit N-PD-362) between MP 600 and MP 900, and roughly half of 
these holes encountered permafrost, sometimes with high ice 
content. However further work is needed to establish the 
proportioning of the route with regard to frozen and unfrozen 
terrain. Also the characteristics of the terrain with regard to 
frost heave problems on the one hand and thaw settlement on the 
other, need to be determined. . 

Foothills has reported that its tentative location for the limit 
of chilling is MP 688 (MVPI, Summaries, Vol fig bezler Dralirng 
and terrain analysis from this point towards the Alberta border 
for a distance of approximately 100 miles, has indicated that one 
third of the route is in permafrost, some of which can be 
expected to have high ice content. Foothills! consultants have 
stated that little is known about the ice-rich terrain and they 
recommend more exploration (EBA, "Terrain Study and Thaw 
Settlement Analysis, MP 678-784"), 

It is apparent that Arctic Gas believes that solving thaw 
settlement problems from Fort Simpson to the N.W.T.-Alberta 
border along its route will be more difficult than solving frost 
have problems.. Consequently, it proposes to chill the gas in 
this section. 

Foothills, on the other hand, believes that along the route it 
has selected in this area, thaw settlement problems will be 
easier to handle (MVPI, Summaries, Vol. lig Das ue 

Neither Applicant appears to have sufficient field information on 
which to make a final decision regarding the optimum location for 
the limit of chilling. It is possible that sufficient 
information will not be available until construction commences 
and further information is obtained from an examination of the 
trench walls. 

Neither Applicant has clearly demonstrated a "trade-off" approach 
designed to mitigate the adverse effects of Chilling and not 
chilling. Arctic Gas has stressed investigation of the problems 
of chilling, but has put relatively little effort into 
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investigating measures for reducing the impact of thaw 
settlements and associated drainage disruptions and environmental 
damage. Other than to suggest the removal of frozen peat (EBA, 
"Terrain Study and Thaw Settlement Analysis MP 678-784") , 
Foothills also has not demonstrated how it would cope with 
froblems of thawing permafrost. 

There is evidence that problems resulting from permafrost thaw 
could occur over a longer period of time (and thus incur greater 
maintenance) than those associated with frost heave. Arctic Gas 
Claims that most heave will occur during the initial 4 to 6 years 
of operation. Foothills has theoretically shown that less than 
half of the ultimate settlement of the pipe due to thawing 
permafrost can occur during the same period of Operation (EBA, 
"Terrain Study and Thaw Settlement Analysis MP 678-784"), 
Further, surface ponding (caused Ly settlement) more adverse thaw 
conditions than those predicted. 

The selection of an erroneous location for the limit of Cal eting 
would probably result in significantly more maintenance being 
required for this portion of the line, than would otherwise be 
necessary. In addition, environmental damage may be 
Significantly greater than would otherwise be necessary. 

RECOMMENDATIONS 

11. The completion of detailed exploration (drilling and terrain 
analysis) of that portion of the pipeline route between MP 
670 and 870 needs emphasis.. Those areas where significant 
thaw settlement and significant frost heave could occur 
Should be reliably identified. 

12. Measures for reducing the impact of thaw settlement, 
associated drainage problems, and resulting environmental 
damage need to be critically studied in detail. Where 
necessary, Supporting field tests should be carried out. 

13. Based on the above, a tentative location for the limit of 
chilling should be conservatively selected from the 
Standpoint of detailed design and fabrication of equipment. 
This is a location south of which the need for cooling 
equipment is considered remote, using a pessimistic 
interpretation of thaw settlement problems. 

= 4100 = 
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Pipeline and Facilities 
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14, The final decision of the location of the limit of SChaelang 
Should be postponed until construction, when additional 
detailed soils data will become available. 

15. The design of the cooling equipment should be such that the 
location of the southern limit of gas cooled below 0°c can be 
modified depending upon the observed behaviour of the 
pipeline under operation. 

CONFIRMATION OF DESIGN ASSUMPTIONS DURING CONSTRUCTION SRE RRR LA UN OF LESIGN ASSUMPTIONS DURING CONSTRUCTION 

‘DISCUSSION 

Arctic Gas proposes to prepare design manuals and tables which 
will specify the depth of burial and height of berm depending on 
terrain type, line temperature etc. (NEB 2585). However, it will 
not be possible to anticipate all terrain conditions prior to 
Start of construction. A design-change manual is, therefore, 
proposed by Arctic Gas which will be available prior to start of 
construction. This manual is intended to account for most 
necessary changes where actual conditions differ significantly 
from those envisioned prior to construction. Arctic Gas also 
intends to determine locations where permafrost is not present by 
undertaking geophysical profiling Shortly after the pipeline 
right-of-way has been cleared (NEB 2689, 2690, 2838; CAGPL to 
NEB, May 1976, p.13). In addition Arctic Gas proposes to 
catalogue permafrost and soil conditions adjacent to and along 
the right-of-way and to record geotechnical conditions in the 
ditchwall on a mile-by-mile basis. The frequency of recorded 
observations in the ditch will be determined by the natural 
variability of conditions and potentially troublesome sections 
(CAGPL to MVPI, Phase I, pp 16-17). 

Under the present construction schedule, Arctic Gas proposes to 
construct the pipeline in three winter seasons, each season being 
three to five months long. It proposes to construct a maximum of 
450 miles of pipeline in three spreads in one winter season in 
the discontinuous permafrost area. Thus, an average of some 3.75 
miles of pipeline per day is to be inspected by experienced 
geotechnical inspectors. The problem areas are to be identified 
and appropriate design changes are to be implemented. . 

There is a major concern that under the rapid pace of 
construction, it may be difficult to ensure that all potential 

~ 44 = 
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Frost Heave 

problem areas are detected and adequately dealt with during 
Construction. 

There is a concer that, while the mile-by-mile inspection of the 
ditch will be helpful, in many areas it will not indicate the 
nature of the soil below the bottom of the ditch. Hence, the 
presence of frost susceptible material at depth below the ditch 
May not be identified during construction. Further, it can be 
cifficult for even very experienced personnel to identify the 
frozen nature of certain soils in a trench wall. 

The demand for experienced geotechnical inspectors may be 
GLELICUptrrotsatisfiy. 

If, because of the reasons outlined above, the inspection during 
construction is inadequate, frost susceptible material and areas 
of high potential differential heave or frozen soils and areas of 
high potential thaw settlement, may go undetected, 

It is apparent that an adequate team of geotechnical personnel 
with proper experience will be required on site as the work 
proceeds in order to ensure that potential problem areas are 
detected and the correct design modifications are implemented. 
This staff will have to be very efficiently organized and have 
close working arrangements with the contractors to ensure that 
design modifications are promptly and correctly expedited. The 
field inspectors will need to have a clear understanding of the 
nature of the various geotechnical problems so that they can make 
the decision regarding the need for design modifications, or the 
need for further investigation, as appropriate. 

RECOMMENDATIONS 

16. The Company should demonstrate well in advance of 
construction how it proposes to cope with the problem 
(peculiar to this project) of selecting, organizing and 
administering construction control and inspection personnel. 
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17. It is recommended that independent review by the proposed 
geotechnical review board of the field Organization for 
engineering supervision and construction control be 
undertaken as construction proceeds. This is to ensure that 
there is a satisfactory mechanism of promptly identifying 
problem areas and implementing design changes 

18. Because of the concerns expressed above it is recommended 
that pre-construction investigation of the soil conditions 
along the route should be sufficiently detailed to permit 
reliable design and minimize reliance upon design changes. 
item 7). The designers should look to the inspector's 
logging during construction as a check on previous 
exploration of soil conditions, not an extension of that 
exploration. 

MONITORING OF FROST HEAVE AFTER CONSTRUCTION. 

DISCUSSION 

The Applicants intend to monitor the pipeline in all areas of 
frost heave potential. Arctic Gas has also stated that it will 
menitor all areas of frozen soil which are south of the limit of 
cold flow and which will, therefore, thaw. 

At river crossings Arctic Gas intends to use inclinometers or 
settlement profilers to measure pipe curvature, while in overland 
areas it proposes to use risers and other conventional survey 
techniques. It also intends to visually check the pipeline at 
regular intervals, and use air photos. Arctic Gas estimates that 
extensive monitoring would be required over a 400 mile length 
(NEB 2691-2693). The Applicants recognize the possibilities of a 
"smart" pig instrumented to read pipe curvature. They have not, 
however, stated their intention to develop and use such 
instrumentation. Both Applicants recognize that since most 
differential heave will normally occur in the initial years of 
Operation, it is during these years that frequent monitoring may 
be required. . 

The concerns and uncertainties about frost heave and thaw 
settlement expressed in the foregoing stress the need for 
effective monitoring of the performance of the pipe. . 

The methods for monitoring the pipeline proposed by the Applicant 
may not permit the frequency of observation that May be required 
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during the initial year or two of operation. It is possible that 
some sections of the pipeline would require monitoring monthly. 

Visual inspections and surveying risers are not only time- 
consuming and fotentially difficult in winter months, but they 
May not detect all locations where differential heave is causing 
Significant change in pipe curvature, 

If monitoring is not effective or is carried out infrequently, 
problem areas may develop without detection or with insufficient 
lead time to plan permanent remedial measures. Thus emergency 
Situations may arise with associated environmental problems. 

RECOMMENDATIONS 

19, It is recommended that a detailed study of the feasibility of 
alternative methods and procedures of monitoring the 
performance of the pipeline be carried out. In particular, 
the use of an instrumented "smart" pig, which can detect 
changes in pipe curvature at frequent intervals, appears to 
be a promising alternative. It is recommended that 
feasibility studies of the effectiveness of such an 
instrument for a natural gas pipeline be given phigh priority. 

20. In view of the unprecedented nature and the importance of the 
monitoring program it is recommended that both the intended 
procedure and the results of the program be independently 
reviewed by the proposed geotechnical review board 

SOURCES OF INFORMATION 

See "Geotechnical Considerations", 
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Pipeline Facilities 

PIPE UPLIFT PROBLEMS UNRELATED TO FREEZING 

INTRODUCTION 

The Applicants have considered two potential causes of pipe 
uplift which are not related to chilling of the gas: buoyancy; 
and stresses resulting from thermal expansion of the pipe and 
high gas pressure. 

From Richards Island to the Alberta border, an analysis of Arctic 
Gas* alignment sheets indicates that a potential buoyancy problem 
may exist along up to 44% of the route (29:3574-77). In non- 
permafrost terrain, buoyancy problems may occur in rivers, open 
bodies of water, muskegs, peat swamps and low-lying flat areas 
with high water tables. In permafrost terrain, in addition to 
the above areas, buoyancy problems may occur in beaded streams, 
thermokarst ponds and ice rich slopes. The three basic 
conditions under which buoyancy could occur are: 

a) open water flotation, e.g. water crossings or wherever free 
water is encountered in the ditch; 

b) delayed flotation following natural flooding of a backfilled 
ditch, where there is inadequate resistance to uplift; and 

c) pipe flotation following melting of permafrost in high ice 
content silty or oganic soils. 

The methods of restraining a buoyant pipe as proposed by Arctic 
Gas are shown in Table 1 (taken from CAGPL, Application, 
Bis Dail ta.0)ie 

Arctic Gas has stated (29:3575-76) that, except for open water 
areas, deep burial of the pipeline will be relied upon as much as 
possible, and that anchors will only be used for special local 
circumstances. An NES report (1974a) covers the comparative cost 
of the various proposed methods of restraining a buoyant pipe. 
Deeper burial can cost up to $3.50 per pipe foot, mechanical 
anchors $5 to $10 per pipe foct, and weights $25 to $70 per pipe 
foot. 

The consequences of uplift due to buoyancy are summarised below: 

@) Uplift prior to start-up: Interference with construction 
schedule, 

a 
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b) Uplift during operation (south of the limit of cooling) : 
Exposure problems; may interrupt surface drainage; could 
require mobilisation of a substantial work force and a 
temporary shut down to remedy. 

c) Uplift after abandonment: Permanentely interrupts surface 
drainage with attendant ponding (permafrost) and erosion 
(Siltation) environmental problems; aesthetic impact. 

Uplift due to stresses induced in the pipe by temperature changes 
and the high gas pressure can occur where the pipe bends but is a 
particular concern at overbends (29:3581).. Although a very real 
problem, the portion of the pipeline likely to be so affected is 
believed to be considerably less than the portion affected by 
flotation (29:3580). The consequences of uplift from this cause 
would be basically similar tc those listed under items (a) and 
(b) above. . 

A review of the information available to the Inquiry concerning 
uplift problems not related to chilling, indicates four areas of 
concern: design of control measures; design modifications during 
construction; monitoring and remedial measures; and buoyancy of 
Pipe following abandonment 

DESIGN OF CONTROL MEASURES 

DISCUSSION 

NES has prepared for Arctic Gas an approach to the design of 
uplift control measures (NES, 1974a). This report considers all 
available methods for controling uplift of the pipe together with 
preliminary cost comparisons. 

Pipe flotation problems are well known. A portion of the Pointed 
Mountain Pipeline in muskeg in western Canada floated during the 
first year after the pipeline was completed.- Saddle weights were 
observed which had slipped off the pipeline (29:3570-71). A 
recent visit to USSR of a group of Canadian experts (October 
1975) observed in northern Russia sections of large diameter 
pipeline floating with inadequate weights (Canada, Dept. of 
Industry, Trade and Commerce, 1975). . 

The problem of re-installing an uplifted or floating pire is a 
severe one (see "Monitoring and Remedial Measures") and Arctic 
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Gas has stated (29:3586, 3589) that in recognition of the problem 
it has taken a very conservative design approach to avoid the 
problem. 

Figure 4-7 of the NES report (1974a) shows the sensitivity of the 
design approach in the selection of the design value for the 
submerged unit weight of the backfill. It is particularly 
sensitive in the range of 20 to 40 p.c.f., which are typical 
values for the backfill soils which would cause concern. For 
backfill soils in this range, the size and integrity of the 
backfill mound is critical. The problem of erosion of the mounds 
and slumping of ice-rich backfill has been discussed (CAGPL, 

Prepared testimony, pe. 14). 

In view of the above, the selection of a low safety factor of 
1.25 (NES, 1974a, Section 4.1.3) is inappropriate. 

t+ is also apparent that some backfill conditions will, in thaw, 
resemble and behave as a thick slurry. This potential condition 
in the frozen state may well go unrecognised. The NES report 
(1974a) is not applicable to this condition -- its application 
would lead to a result on the unsafe side. . 

+ is considered that the potential for pipe flotation could be 
severe south of the limit of cooling, depending on the final 
location of this limit. Neither Applicant has investigated this 
aspect in detail. The NES report (1974a) is mainly concerned 
with the potential for uplift prior to start up, north of the 
limit of cooling. 

Although uplift and exposure of the pipeline can pose 
unacceptable engineering problems, in some areas (towards the 
south) it may be possible to tolerate an uplift condition from 
the engineering standpoint. In view of the problems of 
reinstalling an uplifted pipe, any environmentally undesirable 
aspects of the condition may go unattended for a lengthy period 
of time. 

The design of field pipe bends is concerned with unprecedented 
gas pressures and thermal conditions in a large diameter pipe. 
Faulty pipe bends, if not identified during pressure testing, 
will likely become evident immediately upon start up. The risk 
of problems developing from this source should rapidly diminish 
from start up. 
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Since Arctic Gas is predominantly depending on burial for 
controlling overland buoyancy problems, a design approach 
vulnerable to a change in field conditions may result in frequent 
pipe flotations in potential buoyancy areas where soil conditions 
may only moderately differ from those assumed during design. 

Pipe flotation would normally develop during thaw seasons. Thus 
if emergency repairs became necessary, they would have to be 
carried out during an environmentally sensitive period. 

Other consequences of uplift due to both buoyancy and stress 
build-up have been outlined earlier in the Introduction to this 
section. 

The significance of this concern is essentially similar for both 
Applicants. However the flotation problem is more readily solved 
by Foothills because of its proposed use of a smaller (42 inch) 
diameter pipe resulting in a smaller buoyant uplift force. 
Foothills also proposes to use a lower gas pressure which would 
reduce the problem of possible uplift at pipe bends. on the 
other hand Foothills has indicated a limit of chilling 
appreciably further north than that indicated by Arctic Gas, and 
thus has greater exposure to buoyancy problems resulting from 
melted permafrost. 

RECOMMENDATIONS 

1. The Company should undertake detailed drilling and route 
investigation to identify the location of those areas 
requiring design of uplift control measures, and to determine 
the most suitable design. 

2. Uplift due to buoyancy is an important factor to be taken 
into account in selecting the southern limit of chilling. 

3. Greater emphasis should be placed on the depth of pipe burial 
in areas subject to uplift by buoyancy. The cost-benefit 
approach initiated by Arctic Gas (NES, 1974a) should be 
expanded to allow for the costs of design uncertainties, 
possible affects on schedules, maintenance costs etc. 

4, A conservative procedure should be maintained throughout. 
The most appropriate approach in design of buoyancy controls 
and pipe bends is to use a suitably high factor of safety. 
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The Company should consider the use of a varying factor of 
safety depending upon the reliability and detail of site 
information, and the local consequences of uplift or 
buoyancy. 

DESIGN MODIFICATION DURING CONSTRUCTION 

DISCUSSION 

The selection and design of buoyancy control measures is 
dependent upon site conditions. Decisions will be made well 
ahead of construction regarding the measures that will be used 
along the route where there may be potential buoyancy problems. 
For example, Arctic Gas has already decided to use continuous 
wire reinforced concrete jacket for the twin 36 inch lines across 
the Delta as well as for river crossings (NEB, 2044;45). 

Notwithstanding the additional subsurface investigations to be 
Carried out along the route prior to detailed design, it is 
reasonable to expect that during construction additional areas of 
potential buoyancy problems, not identified during the design 
stage, will be encountered. In addition, sections may be 
encountered during construction where the soil conditions are 
considerably more severe from the buoyancy standpoint than 
initially predicted during design. Under the proposed 
construction schedule, such areas would have to be identified by 
the Company's field inspectors and appropriate design changes 
implemented. 

Arctic Gas also proposes to pressure test the pipe during 
construction, to a value in excess of the operating gas pressure 
(292 3586)% 

There is a concern that under the rapid pace of construction it 
will be difficult to ensure that all potential areas of pipe 
buoyancy, not identified during design, are recognized during 
construction and the necessary design changes implemented. 

There is concern that, because of the demand for experienced 
geotechnical inspectors imposed by this project, these inspectors 
may not be sufficiently experienced to detect (under winter 
conditions) significant changes in site conditions which would 
affect pipe buoyancy and pipe bend design. 
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The consequences of not recognizing and dealing with additional 
potential areas of pipe uplift, or the need for changes in the 
design of control measures, could be pipe uplift at an unknown 
number of locations both during and after construction. The 
consequences of pipe uplift were outlined above. 

RECOMMENDATIONS 

5. Since it is highly desirable to limit the possibilities of 
pipe uplift, the Company should examine the difficulties 
associated with the field checking and inspection from the 
standpoint of buoyancy control and should demonstrate how it 
intends to overcome these difficulties; such plans should be 
prepared and submitted to the Agency at final design. There 
is a need, for example, to establish local guidelines to 
assist the inspectors in recognising and evaluating under 
winter conditions, site facts which are conducive to pipe 
uplift. 

6. It is recommended that independent review by the proposed 
geotechnical review board of the field organization for 
engineering supervision and construction control be 
undertaken as construction proceeds. This is to ensure that 
there is a satisfactory mechanism of promply identifying 
problem areas and implementing design changes. 

7. Because of the concerns expressed above it is recommended 
that pre-construction investigation of the soil conditions 
along the route should be sufficiently detailed to permit 
reliable design and minimize reliance upon design changes. 
The designers should look to the inspector's logging during 
construction as a check cn previous exploration of soil 
conditions, not an extension of that exploration. 

MONITORING AND REMEDIAL MEASURES 

DISCUSSION 

Even with the most conservative design approach and effective 

field control, it is possible that areas with potential buoyancy 
problems will not be treated during construction. Significant 
changes can also occur during operation, such as erosion and 
Slumping of the backfill mound, and melting of permafrost south 
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of the limits of chilling, which could result in buoyancy 
problems. It is expected that most problems will become evident 
during the initial years of operation. The Applicants therefore 
propose to include an inspection of all aspects related to 
buoyancy in their monitoring program. Arctic Gas has indicated 
in evidence before the Inquiry that the problems associated with 
effecting remedial measures are severe (29:3572, S550, e Sool 
The remedial measures may well involve shutting down the system 
and replacing a segment of pipe (29:3588). 

The methods for monitoring the pipeline proposed by the Applicant 
may not permit the frequency of observation that may be required 
during the initial year or two of operation. It is possible that 
some sections of the pipeline would require monitoring monthly. 

Other than to comment on the severity of the problems involved, 
Arctic Gas has not discussed or considered in detail any remedial 
measures, but has in fact stated: "We are not counting ona 
remedial measure to accommodate that particular situation in any 
instance" (29:3586). 

It is apparent that if the monitoring procedure is not effective 
then potential problem areas will not be identified until pipe 
fiCuaciOn COCCUuUrs, 

Since suitable remedial measures nave not been planned in detail, 
there is no way of assessing the effectiveness of the measures 
and any impact they will have on the social and environmental 
scene. 

RECOMMENDATIONS 

8. in view of the unprecedented nature and the importance of the 
monitoring program it is recommended that both the intended 
procedure and the results of the program be independently 
reviewed by the proposed geotechnical review board. 

9. The Company should conduct a detailed study of the potential 
problems resulting from an uplifted or floating pipe, the 
feasibility of various remedial measures, and the impact of 
these measures. 

BUOYANCY OF PIPE FOLLOWING ABANDONMENT 
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DISCUSSION 

The Applicants propose to leave the pipe in the ground following 
abandonment. They have suggested that some portions of the pipe, 
which may become buoyant with time or because of changed 
conditions during the operating life of the project, be filled 
with water. 

Although the Applicants have investigated buoyancy problems prior 
to startup, very little emphasis has been placed on possible 
buoyancy problems that may be encountered after the pipe is 
abandoned and chilling ceases. The suggestion to flood the line 
is a ccncept which has not been studied in detail. This concem 
affects most of that portion of the line south from Fort Good 
Hope to the limit of chilling. 

Buoyancy proklems developing after abandonment have in one sense 
the greatest potential for adverse impact, since it has not yet 
been decided who would be responsible for any remedial actions. 
Without decisions and agreements in this area, any problems may 
will go unattended, 

RECOMMENDATIONS 

10. The possibility of pipe flotation after abandonment should be 
investigated and provided for in the Company's design. 

11. An agreement is required on who will be responsible for any 
necessary remedial actions after abandonment and how these 
actions will be funded. 

SOURCES OF INFORMATICN 

See "Geotechnical Considerations", 
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Pipeline and Facilities 

SLOPE STABILITY 

INTRODUCTION 

Although landslides in permafrost soils have been classified in 
various ways they can be basically subdivided into shallow 
failures involving thawed soils and deep seated failures 
involving frozen and thawed soils. 

Typical of shallow failures are skin flows which involve movement 
of the active layer over the top of the permafrost. Skin flows 
occur in many of the terrain types along the pipeline routes 
(CAGPL, Responses to NEB, Vol. V, letter 4, 9.8, p.e3) and can 
readily be caused by minor disturbance such as Clearing of the 
right-of-way. They may also occur in the backfill placed above 
buried pipe in sloping ground. Arctic Gas has stated: "While 
this type of landslide cannot immediately threaten the integrity 
of the pipeline, it has been studied in considerable detail 
because, if left unchecked, unsafe conditions may develop after 
several thaw seasons" (NES, 1974b, p. 3). 

Deep seated slides involve displacement of a large mass in the 
form of blocks of relatively intact material. In the Mackenzie 
Valley it is reported that these slides have affected Slopes in 
the range of 100 to 260 feet high with an overall slope angle 
acer tcailure or 9.59 -to 20° (NES, 1974b, 4.3-1, 4.3-2). A large 
Slope failure developing upon the right-of-way would likely 
result in pipeline breakage. 

Based on field reconnaissance and experience, Arctic Gas 
indicates that permafrost slopes flatter than 3° are stable under 
natural and disturbed conditions. It reports that between 
Prudhoe Bay and Alberta "a total of about 686 slopes have been 
classified as being potentially unstable based on the Applicant's 
terrain classification studies (NES, 1974b, p.1). Of these some 
344 are less than 6° in slope and less than 40 feet in height. 
The 686 slopes catalogued represent a total length of about 37 
miles within a total mileage of 1450 miles of pipeline right-of- 
way north of the 60° latitude so that slope stability 
considerations are necessary over only a relatively small (2-6% 
cf the route. Moreover, while many of these slopes have been 
classified as being potentially unstable on the basis of slore 
angle measured photogrammetrically and terrain typing, closer 
examination suggests that many are, in fact, stable", 
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Pipeline and Facilities 
Slope Stability 

Frost creep constitutes another form of slope movement not 
normally categorised as failure. I+ involves downhill movement 
of relatively intact material at low annual rates. 

. review of the information available to the Inquiry with regard 
to slope stability relative to the proposed gas Pipeline, 
indicates four areas of concern 

a. Predicticn of flow slide and bi-modal flow activity or 
backfill instability. 

b. Behaviour of deep seated landslides, 

c. Effect of interference of subsurface drainage. 

d. Creep of ice-rich slopes. 

These concerns are discussed in the following sections. 

FLOW SLIDE AND BI-MOCAL FLOW ACTIVITY OR BACKFILL INSTABILITY eee et NR BREN Eh SNSTACLLITY 

DISCUSSION 

Arctic Gas has indicated that "skin flows can occur for a wide 
variety of reasons but recent research has stressed the dominant 
influence of thawing in promoting instability" (CAGPL, Responses 
to NEB, Vol. V, letter 4, 0.8, p.4). The Applicant has 
accordingly developed a method of analysis based upon the theory 
of thaw-consolidation. This theory is concerned with the 
development of excess water pressure in the pores of a thawing 
Soil. In particular it considers the rate at which water is 
produced by thaw versus the rate at which water can be squeezed 
out of the thawed soil. Excess pore water pressures can result 
in slope failures and for the purpose of analysis a slore 
stability equation has been developed to permit computation of 
the factor of safety against sliding (McRoberts et al., 1974b). 

"Bi-modal flows are a form of landslide that 
must first be initiated by another mass 
movement process. That is, they do not start 
of themselves ... skin flows appear to be the 
most active natural process which initiate bi- 
modal flows ... Because this type of landslide 
can be relatively deep seated it might 
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Pipeline and Facilities 
Slope Stability 

possibly threaten the integrity of the buried 
pipeline. The Proposed route has carefully 
avoided all known landslides and there are no 
known bi-modal flows within considerable 
distances of the pipeline. However, new flows 
may be initiated by natural phenomenon outside 
the right-of-way ... the rate of movement of 
the headscarp of a bi-modal flow... may be 
considerable but there will be ample time to 
devise stabilization techniques for bi-modal 
flows which develop outside of the right-of- 
way and threaten the integrity of the 
Pipeline"... (NES, .1974b pp.37-39). 

Although the thaw-consolidation theory is supported by valid 
reasoning and laboratory research, there is only one well- 
documented case history (Morgenstern et al, 1974a). The authors 
of this reference conclude: "Clearly many more well-documented 
case histories are required for differing soil and thermal 
conditions to increase the level of confidence in the application 
of the theory", 

Further, although the application of the thaw-consolidation 
theory in the slope stability equation results in a reasonable 
mechanistic model of this phenomenon, there are no pubiished 
well-documented case histories to confirm the validity and 
pratical application of the equation. 

It has been argued by Foothills (65:9588-92) that the natural 
variability of the parameters required in the thaw-consolidation 
theory can be so great as to render the theory unreliable and of 
doubtful practical value in these circumstances (MVPI, Summaries, 
No.32, pe3). Similar criticism has been voiced by others 
appearing before the Inquiry (Carleton Univ., 1975 DekO 2)ic 
Foothills has placed emphasis on field observation and 
measurement of actual pore pressures, but has not carried out 
sufficient field work to demonstrate the praticability of <this 
approach. 

Although Arctic Gas recognises that there are other mechanisms 
controlling skin flows, it has not evaluated them in the same 
Gecres of sdetar lL (Carleton sUnin es: 1975 6s, Soe 



tO 2 

to 

of; cans 

4 eee wary £* 

emg slgne Oe. 
a3 ria rn pon sep in 

docks Su 23 ebie2 
stg 20 “Lrp 

. (ee ote 

‘¥d° Beovs 
egy 

"983 ‘ten tide po kre 2s tb fo2 = 
} m2 egnadtznes 36 tewet < 

— 

a 

_ Le. be 

— 

' 
a in ae 

rs ris 
ae, i 

ee pe 

- 

ny rye WEG: is Say 

gia: re "ez 

£3 shh Lasavo-wents eit lo adstethigs 
of en 

Pde Oo” @=2s be 9 

b =“ yiictlav aie Reka 

ryote bil nts a 3 _ (808 aesees 

bi tor ‘i Ah ws ck? e: vhy pe ae ’ 

off ¢idaiioian weedy eas ie Pissed 
fad 

7 “y eg gd 

© @f¢? . ars te oh es 
‘has saavovesedta Elekta ts 

eusecartamia ae ox pees 
Sasa eel, ~ n 

eserece 

yiaaiar, : 

wrote hd ed 
= peat rt a 

+ Ae 
rT 



Pipeline and Facilities 

Slope Stability 

Skin flows will likely be the most common form of Slope 
instability occurring along the pipeline right-of-way. The 
Applicants have stated that the direct geotechnical and 
environmental implications of skin flow failures are not severe 
(NES, 1974b, p.7). However, if these failures occur to a greater 
degree than anticipated and/or if they are left untreated, larger 
Slope failures including bi-modal flows may result, or 
Significant surface run-off erosion could develop. 

The slope stability equation and the theory it depends on will be 
used to indentify all potential areas of flow slide or backfill 
instability. Furthermore, the design of the proposed 
Stabilization measures utilizes this same basic equation. If 
this equation does not correctly predict actual field behaviour, 
and if it is inaccurate on the unsafe Side, numerous areas of 
instability may unexpectedly develop. 

RECOMMENDATIONS 

1. In selecting the route alignment and any necessary changes 
thereto the Company should be conscious of avoiding to the 
maximum extent practicable areas of questionable Slope 
stability. The Applicant should be required to demonstrate 
that he has undertaken field surveys of the route in 
sufficient detail to ensure that all Significantly unstable 
areas along and adjacent to the route have been detected 
prior to commencing construction. 

2. The Company should undertake detailed field investigation and 
study of a number of flow slides selected to consider the 
effect of variation in topography, slide geometry, soil type 
and cause. The purpose of this work is to clarify and extend 
understanding of flow slide mechanisms in relation to the 
installation and maintenance of the proposed pipeline. 

3. t is recommended that all feasible preventive and remedial 
measures be given thorough technical and economic 
consideration. 

4, Notwithstanding Recommendation 1, it is unlikely, should the 
pipeline proceed according to schedule, that the level of 
confidence in predicting and analysing flow slides attained 
by the start of construction will eliminate the concern 
expressed in this section. The work covered under 
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Pipeline and Facilities 
Slope Stability 

Recommendation 1 will however, serve to mitigate some of the 
concerns. 

The Company should therefore develop a plan for reliably 
detecting the occurrence of flow slides and the threat of bi- 
model flows along and adjacent to the pipeline right-of-way. 
Monitoring should be carried out by geologists or geotechnical 
engineers experienced in the investigation and assessment of 
Slope stability hazards in permafrost terrain. To ensure the 
prompt construction of suitable stability measures, it is 
expected that this will.involve stockpiling of materials along 
the route. 

Stabilization should be carried out with a minimum of disturbance 
in a failure area as such an area is likely prone to further 
failures if the natural cover is disturbed. This clearly 
requires that carefully planned procedures be devised or the cost 
of stabilising one location may be the initiation of another or 
several other flow slides. It also follows that particular care 
and refined construction techniques should be used during initial 
construction through known flow slide areas. 

S» In view of the concerns expressed above any stabilising 
measures should be conservatively designed to eliminate the 
need for any further remedial action in the area. 

THE BEHAVIOUR _OF DEEP SEATED LANDSLIDES 

DISCUSSION 

The pipeline route crosses a number of relatively steep high 
Slopes, usually at river crossings, where there is a possibility 
that a large, deep seated failure may occur. Arctic Gas has 
identified 33 slopes higher than 100 feet with slope angles 
greater than 99, It believes that fewer than this number are 
susceptible to deep seated failure because of the absence of 
other factors which it implies are necessary in failure. 

The stability of these slopes is assessed using the same basic 
geotechnical techniques and principles which are used in non- 
permafrost areas. Some modifications to these principles are 
required where the ground is completely or partially frozen 
(Responses, Appendix B, pp. 45-47). 
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Pipeline and Facilities 
Slope Stability 

There are a number of aspects concerning deep seated landslides 
in permafrost areas which are not well understood, and for which 
the behaviour is apparently unique to frozen ground. In 
particular, the magnitude of available strength along potential 
failure surfaces within frozen ground and the role of potentially 
high pore pressures at the permafrost base are uncertain. 

There are no well documented case histories. The only published 
analysis of such a slide is based on circumstantial evidence on 
the soil and thermal condition of the materials actually involved 
in the slide, a lack of topographic data, and no pore pressure 
measurement. "Geomorphological evidence and experience during 
drilling at a slide on the Mcuntain River suggest that 
substantial pore pressures exist within the unfrozen materials 
beneath the permafrost. Unfortunately attempts to measure these 
pore pressures have not been successful and data obtained in the 
future will be of considerable value in this regard" (McRoberts, 
Cm Leg iso) 2))s 

Although the preliminary studies conducted by Arctic Gas and its 
consultants indicate that the deep seated failure mode can be 
successfully analysed using the indicated approach, definite 
conclusions on the reliability of the approach cannot be drawn 
until more field evidence is obtained. 

If a critical condition is overlooked, either as a result of 
inadequate field data or because of an incomplete understanding 
of the failure mechanism, the ensuing large landslide would lead 
to engineering and environmental problems. A large landslide 
could occur rapidly without apparent warning, and thus could 
result in emergency repairs with their attendant envirenmental 
damage, 

RECOMMENDATIONS 

6. The Company should investigate and analyse in detail every 
Slope along the right-of-way which possesses a potential for 
deep-seated instability. Such slopes should be selected for 
analysis so as to ensure that no critical areas have been 
overlooked. 

7. Because of the lack of detailed knowledge of slides involving 
frozen material, geotechnical investigations undertaken +o 
assess the stability of the higher slopes along the route 
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Pipeline and Facilities 
Slope Stability 

Should be more intensive than is normally considered adequate 
for similar situations in non-permafrost areas. 

8. Because of the lack of precedent in analysing steep high 
Slopes invoiving frozen materials, any protective or remedial 
measures such as berming should be more conservatively 
designed than is normal for non-permafrost areas. 

9. A detailed annual inspection of all pertinent slopes must be 
included in the fost-construction monitoring program. The 
Company should make liberal use of proven types of slope 
instrumentation to assist monitoring. 

EFFECT OF INTERFERENCE OF SUBSURFACE DRAINAGE 

DISCUSSION 

Where the chilled pipeline traverses slopes in non-permafrost 
areas, the frost bulb will disrupt the natural subsurface flow of 
water (CAGPL, Responses to NEB, Vol. IV, letter 4, Q.4, p.6). It 
is conceivable that under some conditions, especially where the 
pipeline is on a cross slope, the presence of the frost bulb 
could result in a significant increase in water pressures upslope 
from the pipeline. 

The possibility of slope failures, as a result of this cause, has 
not been given adequate consideration by the Applicants. This 
condition may aggravate marginally stable slopes. Any resulting 
Slide will tend to occur unexpectedly. The slide may be large 
enough to cause some distress to the pipe. Emergency measures 
may be required with their attendant environmental problems. 

RECOMMENDATIONS 

10, The Company should design and test the feasibility of methods 
for relieving subsurface water pressures on the uphill side 
Or the. frost. bulb. 

11. During construction, geotechnical field personnel should be 
made aware of this potential hazard. Observations of 
Significant subsurface seepage should be reported and 
protective measures implemented as required. 
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Pipeline and Facilities 
Slope Stability 

CREERSOFsI CE RICH «SLOPES 

DISCUSSION 

Initial theoretical studies indicate that under some 
circumstances, ice rich slopes in permafrost can creep a 
Significant amount over a number of years. There is little field 
evidence to indicate whether such theoretical predictions 
actually take place in the field (McRoberts, 5 Rs Be ASS BPs 

Arctic Gas is of the opinion that creep would likely not be a 
Significant factor affecting the pipeline. It has however 
proposed a number of methods of overcoming the problem if it 
occurs (CAGPL Application, p.53; MVPI, Summaries, Sec A-10; NES, 
UP re Bie patcia i Wr 

In 1975, Arctic Gas initiated a testing program to determine the 
creep properties of a range of frozen soils. Previous studies by 
others were reportedly carried out at higher stress levels than 
are applicable to the pipeline. The purpose of the program is to 
provide data for "less conservative final design" (CAGPL, 
Prepared Testimony to NEB, Geotechnical Panel). 

The Applicants have not stated how they would identify areas 
where Significant creep is anticipated. In view of the lack of 
field information available regarding creep behaviour of ice rich 
Slopes it is unlikely that any reliable method exists at this 
time, though Arctic Gas has recognized the need for designs to 
combat slope creep, it has to date discussed concepts only. 
There are no specific data to indicate the effectiveness of these 
concepts. 

The available evidence indicates that the Creenv of ice rich 
Slopes would most likely be of significance on the steeper 
Slopes, in which relatively high ice contents are present 
(McRoberts, 1975). It can be expected, therefore, that creep 
would be an important consideration at a limited number of 
locations. At these locations, however, the Pipeline could be 
broken if large creep movements take place. 

It is recognized that creep movements, if they do occur, would 
most likely proceed at a relatively slow rate (McRoberts, eer esy oe 
It is likely, therefore, that through use of suitable field 
instrumentation, such movements could be detected at any early 
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Pipeline and Facilities 
Slope Stabilit 

Stage and suitable remedial measures could be implemented before 
the pipeline is affected. 

RECOMMENDATIONS 

ieee 

Noe 

Arctic Gas indicates that further study into the phenomenon 
of creep of ice rich slopes is presently underway. It is 
recommended that this work continue to the point where 
sufficient information is obtained to enable a confident 
engineering prediction to be made as to which slopes have a 
potential for significant creep movements. 

The Company should instrument slopes which appear to have a 
potential for creep movement, so that movements will be 
detected at an early stage. The development and use of an 
instrumented "smart" pig would also be a valuable supplement. 

SOURCES OF INFORMATION 

See "Geotechnical Considerations", 
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Pipeline and Facilities 

DRAINAGE AND EROSION CONTROL 

GENERAL RECOMMENCATIONS 

The Company shall take appropriate 
mitigative measures and install 
sufficient control devices to effectively 
prevent disruption cf the natural surface 
and shallow subsurface drainage and the 
ensuing problems of ponding, erosion, the 
deposition of sediment on land or its 
discharge into waterbodies. 

The responsibilities of the Company, in 
this regard, shall extend to all lands 

and waterbodies used by the Company at 
any time during the construction, 

Operation and maintenance of the pipeline 
and its associated facilities, to 
adjacent areas disturbed or damaged as a 
result of developments on lands under the 
care of the Company, and to adjacent 
areas where disturbances may affect lands 
under the care of the Company. 

DISCUSSION 

Several aspects of the construction, operation and maintenance of 
the pipeline and related facilities have a potential fer causing 
disruption of the surface and shallow subsurface drainage, 
initiating or accelerating thermal or mechanical erosion, and 
initiating or accelerating the deposition of sediment on the 
ground surface or its discharge into waterbodies. This potential 
for drainage disruption and enhanced soil erosion and 
sedimentation cannot be eliminated if the project is to go ahead. 
Hence, the objective of the terms and conditions must be to 
reduce the range and impacts to a level where protection is 
considered adequate. 

While general methods of control can be suggested, the direct 
impacts of drainage disruption or enhanced soil erosion and 
sedimentation are site-specific. Secondary impacts may be site- 
Specific or more wide spread. Ideally the terms and conditions 
governing the selection and construction of control measures 
should also be site-specific. However such an approach is not 
feasible, as the most effective methods can only be selected and 
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Pipeline and Facilities 
Drainage and Erosion Control 

designed on the basis of detailed field data. Such information 
is net available at this time, and much of it will Only become 
available as construction proceeds. Sufficiently detailed site 
information is not likely to be available at the time of final 
design. 

Even the more general recommendations cannot be as location- 
specific as would be desirable, because neither Applicant has 
sufficiently finalized the pipeline location or the location of 
ancillary facilities. Such final locations will depend in part 
on the results of geotechnical and other site investigations and 
on the terms and conditions included in the land use documents. 

Recent construction experience in the Mackenzie Valley which is 
analagous to the construction of a pipeline and its ancillary 
facilities is exemplified by the design and construction of 
roads, particularly the Mackenzie Highway, airfields and 
Settlements. In the design and construction of the Mackenzie 
Highway northwest of Fort Simpson and around Inuvik great effort 
has been made to mitigate the disruption of drainage and soil 
€rosion. This has been done by using an overlay form of 
structure as far as the topography permitted, the provision of 
numerous through-grade culverts for the passage of overland flow, 
no unnecessary ditch excavation, the use of ditch blocks to 
prevent water flowing parallel to the road berm, the use of non- 
erosive blankets and ditch checks to prevent erosion, and other 
techniques. In particular, the operation of any vehicles off 
prepared, gravelled surfaces is strictly controlled, and is kept 
to an absolute minimum. Similar approaches are used in 
construction in and around settlements, including wharves and air 
fields. 

There are no fundamental differences between the proposals of the 
two Applicants in terms of the measures they contemplate using to 
centrol drainage and soil erosion. However, there is a 
Significant difference in the potential for drainage disturbance 
and soil erosion. 

Arctic Gas is proposing to use two different methods of pipeline 
construction -- arctic construction and conventional 
construction. Conventional pipeline construction involves 
clearing the land with machines and grading the ground surface to 
provide a smooth roadway for the transportation and work 
equipment. This method will be the dominant method south of 
about 65°N; it will also be used further north where the terrain 
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and permafrost conditions permit. The arctic construction method 
involves hand clearing of vegetation in areas of sensitive 
terrain and the construction of snow roads for the equipment, 
with no cutting or mechanical damage to the surface vegetation 
mat. This method will be the dominant method north of about 
65°N, and will be used whenever necessary further south. 

Foothills, on the other hand, only refer to one method of 
construction in both its Application and evidence. This is 
essentially what Arctic Gas have called conventional. The 
impression given by Foothills' Application and evidence is that 
it would rely almost entirely on this approach, with cut-grading 
of the ground surface. The only exceptions to this are a 
Statement by Mirosh that there would be no grading of sidehills 
in areas of sensitive permafrost (67:9844-55), and the recent 
announcement that Foothills is now proposing to build the 
northernmost 50 miles of pipeline in autumn, off a gravel work 
pad. The extent to which this method would require cut-grading 
is not known. It is expected that the more extensive use of cut- 
grading in right-of-way preparation proposed by Foothills will 
lead to more extensive problems of surface Stability, drainage 
disruption and enhanced soil erosion, 

Both Applicants regard the establishment of a continuous cover of 
new vegetation across the right-of-way and other disturbed areas 
as the best long-term protection against erosion and 
sedimentation. However, it may be some years before the 
vegetation cover is thick enough and continuous enough to provide 
sufficient protection to the ground surface. The problem is 
particularly acute along the ditchline, as the backfill material 
will not be well consolidated and so will be very susceptible to 
erosion. Any erosion will be caused by surface flows of water 
resulting from the spring runoff of snow-melt water and runoff 
from summer rainstorms. This water, flowing overland, has to be 
passed across or along the right-of-way, depending on the 
orientation of the right-of-way relative to the natural ground 
Slope, without allowing it to build up to a damaging volume or 
velocity. The approach contemplated is to guide surface water 
across the right-of-way with low diversion dikes; breaks will be 
provided in the backfill mound and various devices will be used 
to check the water velocity. In addition, various surface 
treatments will be applied to the sides of the diversion dikes 
and the backfill mound and to the floors of the mound breaks to 
further inhibit erosion. The treatments contemplated include the 
use of non-erodible granular materials, gabion blankets, fibre 
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mats clay bentonite or other sealants. The various sealants that 
may be used must be justified in terms of their potential for 
pollution and toxic effects. On the downstream side of the mound 
breaks, these will be supplemented with baffles and diverters +o 
break up and disperse any concentrated flow of water before 
allowing it to drain onto the undisturbed land beyond the right- 
of-way edge. 

The various surface treatments proposed are all more or less 
Standard practice, particularly in highway engineering, and they 
can be expected to work quite well if they are conscientiously 
applied in the right places. There is, however, some concern 
over the spacing criteria for the mound breaks and the probable 
efficacy of the flow dispersing structures. Mound breaks are to 
be located wherever a defined drainageway crosses the right-of- 
way, However, in some areas, surface run-off occurs as a 
dispersed overland flow, and here it is essential that mound- 
breaks Le frequent enough to not unduly concentrate the drainage. 
The best approach to this is a) a walk-over of the right-of-way 
the summer before construction commences to mark all drainage 
ways, however ephemeral, and b) a rational design for the spacing 
cf mound breaks in the areas between these drainage-ways. The 
rational design should be based on the concept of a "standard 
project flood", as described in "Crossings: Design Flows and 
Levels", 

in some areas, one of the main problems in the designing and 
maintaining of the mound breaks and other drainage control 
Structures will be the effects of the frost bulb. As the pipe 
heaves due to the build-up of ice in the ground, the mound breaks 
will become less effective, and a major maintenance effort will 
be required each year to adjust the threshold of the mound breaks 
to keep them working properly. A related problem will be the 
effect the frost bulb has on shallow sub-surface drainage. To 
the extent that the frost bulb constricts the active layer or any 
near surface aquifer and so interrupts flow, the water will back- 
up above the pipeline and seep out onto the ground surface. If 
this occurs in summer, it will increase the amount of surface 
flow -- an effect that has to be included in the calculations of 
the size and spacing of mound breaks. If this seepage occurs in 
autumn or winter, the seepage water will freeze, giving rise to 
surface icings along the side of the frost bulb. 

Surface icings, in themselves, will create further problems by 
changing the flow of spring run-off. They could so change the 
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whole pattern of drainage on Slopes during run-off that the 
structures built to control drainage and prevent erosion may fail 
to work. Due allowance for this possibility must be made in the 
selection and design of control structures. Furthermore, water 
ficwing across ice can build up higher velocities than water 
flowing across vegetation or soil at the same Slope angle. When 
this fast-flowing water leaves the ice surface and moves onto 
soil, its erosive power is considerably increased. 

Any pipeline across the northerm part of the Mackenzie Delta will 
be subject to flooding, caused by either storm Surges or by ice 
jams during break-up. This risk of flooding applies to the 
Arctic Gas cross-Delta segment between about MP 320 and MP 372 
and to the mainline routes of both Applicants between Niglintgak 
and Taglu, from Taglu to about MP 17 (Arctic Gas) or MP 8 
(Foothills) and at the crossings of East Channel. All above 
ground structures, including all drainage and erosion control 
structures, in this area have to be designed and built in such a 
way as to resist the damaging effects of waves and ice ‘jams. 
This will mean more extensive use of gravel and cobbles for the 
construction of the backfill mound and diversion dikes. 
Structures in more exposed locations may have to be protected by 
riprap. More frequent mound breaks may be required, and they may 
have to be designed for reversals in the direction of water flow. 

Different approaches to drainage and erosion control and the 
maintenance of surface stability may be required along different 
secticns of the right-of-way, depending on the mode of 
construction used and the degree of disturbance of the ground. 
reas where "arctic construction techniques" have been used will 

present less of a problem than in areas of "conventional winter 
construction", in that a smaller amount of ground has been 
disturbed -- only the ditch line in the former case, as Opposed 
to most of the right-of-way in the latter. However, the 
consequgnces of erosion and the difficulty of stopping it once 
Started may be much greater in the areas of "arctic 
construction", In general, -toth Applicants propose to apply 
Similar remedial measures to all areas, regardless of the mode of 
construction used. It may well be that the specific site 
conditions of slope, soil material and area drained exert more 
influence on the selection and placement of control structures. 

This will be particularly so in sections where the right-of-way 
has. been cut down at the approaches to river crossings. Some 
quite substantial cuts will be required in some locations, 
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Drainage and Frosion Control 

resulting in wide zones of disturbance. Harlan and Williams 
(CAG) stated that all such cuts would be filled in, presumably up 
to the original ground elevation (3925151-53).", Nonetheless, 
Special attention will have to be paid to the control of 
drainage, the prevention of erosion and the trapping of sediment 
on all slopes, valley sides and stream banks. 

in addition, special approaches will also be required in three 
other areas. These are: 

a) within the Mackenzie Delta, 

b) sections of pipeline along which a surcharge berm is 
built to control frost heave, and 

c) sections of pipeline constructed in summer or autumn of 
a gravel work pad. 

A surcharge berm is presently proposed in the southern Pere. Of 
the Northwest Territories to limit the extent and amoun+ of frost 
heave around the cold pipeline. * will be a more or less 
continuous ridge of borrow material with a broad, flat top, side 
Slopes between 1:1 and 1:2 and will be vegetated. Breaks will be 
left in the berm for streams and rivers, and additional breaks 
will be left to provide for surface drainage. Construction of 
the berm will normally be coupled with deeper burial of the 
pipeline, as a total approach to frost heave control. feets 
conceivable that, in order to maintain continuity in shut-off 
loading across certain water courses, the Company will choose to 
not have breaks in the surcharge berm, but rather to install 
culverts. The height and width of the berm are not known at this 
time. In statements before the National Energy Board, witnesses 
for Arctic Gas stated that it would be three to eight or ten feet 
high and 25 to 65 feet wide. They agreed that if their estimates 
of the rate and amount of frost heave were in error, the size of 
the berm may have to be increased, but in any event, the final 
height would never be as much as 20 feet (equivalent to 100 to 
120 feet wide). The recent announcement by Arctic Gas (7 October 
76) of instrumental problems in its frost heave susceptibility 
analyses of soils from the Mackenzie Valley, means that these 
earlier estimates of the height and width of the surcharge berm 
are tentative at best. 

The various measures proposed by the Applicants to control 
drainage and erosion across and along the right-of-way are ali 
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designed for areas where there is no surcharge berm What 
modifications will be necessary to accommodate a Surcharge berm 
are not known. As the surcharge berm is designed only to control 
frost heave and keep it within reasonable limits, rather than to 
prevent it altogether, the most severe problem is likely to be 
maintaining drainage through the berm breaks. Coupled with this 
will be the preblem of preventing water from flowing alongside 
the berm and eroding it and the right-of-way. 

Similar proklems are presented by Foothills! recent proposal to 
construct the northern-most 50 miles of the main line in autumn 
off a gravel work pad. The proposal has a very high potential 
for disruption of drainage, erosion and sedimentation, and with 
dittle possible in the way of mitigative measures. 

One matter which has to be considered in the design and 
construction of drainage and erosion control structures is the 
need for travel along the right-of-way. Routine travel for 
purposes of inspection, maintenance and repair will be done, as 
far as possible, in winter but in an emergency, summer travel 
along the right-of-way with vehicles will be permitted. Any 
vehicle movements along the right-of-way will tend to damage the 
diversion dikes or backfill mound, particularly in summer when 
the ground surface is not frozen, unless provision has been made 
for it. The repair of such damage may call for more travel on 
the right-of-way leading to further terrain damage. This problem 
can largely be prevented by designing and constructing the 
diversion dikes and cther structures so as to facilitate and 
withstand the passage of vehicular traffic. 

There are two main concerms with regard to the construction of 
gravel pads for compressor stations, stockpile sites, airfields 
etc.. These are a) the disruption of surface and shallow 
subsurface drainage and b) the sediment content of water drainage 
off the pads. 

Surface and subsurface drainage will be more or less disturbed by 
the construction of any large gravel pad. This will first show 
as ponds of water developing alongside the pad. As these ponds 
drain along the edge of the pad, erosion will begin. Thermokarst 
or thermal erosion will also develop if the ground has a 
Significant ice content. Provision of culverts under pads 
(particularly airfields), ditches around pads, check dams and 
other devices to prevent erosion will be necessary. 
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Drainage water from pads may contain considerable quantities of 
fine sediment, and this must be prevented from reaching any 
waterbodies, If there is any risk of this run-off water 
containing toxic chemicals, such as fuel or other petroleum 
products, the procedures reccmmended in "Spill Prevention and 
Control" should be followed. 

Permanent gravel roads present similar problems of drainage 
disruption and run-off, and similar responses are appropriate. 
Flows of water in ditches alongside the road should be kept toa 
minimum by the use of through-grade culverts. In areas of 
sensitive terrain, no roadside ditches should be Cuts Sinhe 
permanent project roads will not be heavily used, but they may be 
used by heavily laden vehicles. In such a case, the use of "low- 
water crossings" is not appropriate. Snow roads present their 
own problems of disruption of drainage which are specificaliy 
dealt with in "Snow Roads", 

Apart from continued maintenance, the drainage and erosion 
control structures should be carefully observed each year as part 
of the line patrol procedure. In locations where the structures 
need excessive maintenance or else periodically fail completely, 
they should not ke rebuilt repeatedly to the original design. 
Instead new structures should be designed and installed, 
Structures which are designed to overcome or avoid the problems 
of the original designs, and which will still perform the 
Original function of controlling or preventing erosion. 

The pipeline operator has a responsibility to construct and 
maintain devices to control drainage and prevent erosion on all 
lands disturbed during the construction of the pipeline. This 
includes both lands under lease by the Company and lands not 
under lease, such as borrow sites or stockpiles. In some cases, 
the Company's responsibilities may extend to lands adjacent to 
the land under its care, even though never actually disturbed 
directly during construction or operation. 

It is apparent, from the discussion in the preceding paragraphs, 
that the selection and design of drainage and erosion control 
measures is a complex matter. It cannot be done until late in the 
construction process, when the details of site, soil, slope and 
schedule are known. This will cause some difficulties in final 
design for the Agency and the Company. 
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Pipeline and Facilities 
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RECOMMENDATIONS 

i. The Company's drainage and erosion control designs, site 
plans, and construction plans shall be subject to approval by 
the Agency, both at the final design Stage and just: prior +o 
installation. The installations shall be subject to 
inspection and approval by the Agency prior to the spring 
thaw period following their construction and at subsequent 
times. The following recommendations are for guidance of 
both the Company and the Agency. 

Separate approaches are required for drainage and erosion 
control along the pipeline right-of-way and at all other 
sites including pads, roads, airfields etc, 

Site-specific drainage and erosion control plans shall react 
to local, site-specific environmental or land-use concerns 
and not only to estimates of erosion probability or potential 
drainage disruption. For example: where erosion from any 
land proposed for use by the project has a potential for 
direct damage to fish or aquatic wildlife, devices for 
catchment, settlement, and/or diversion shall be provided and 
sites shall be adjusted, where appropriate, to permit 
catchment between the slope and any waterbody or wetland. 

Potential for erosion and hence need for control measures can 
be reduced by selection of sites with minimum slope and by 
minimizing disturbance of the ground surface during clearing 
and construction: these measures are particularly important 
in areas of sensitive permafrost and fine grained soils. 
These approaches shall be reflected in final design locations 
and. in’ final construction plans. 

Drainage and erosion control structures are intended to 
ccmplement the stabilizing effect of revegetation: 
nonetheless, they must be designed so as to achieve the 
required control unaided by vegetation. The structures shall 
be kept in repair and cleared out until their function has 
been completely taken over by new vegetation. 

Structures which fail repeatedly or which present excessive 
and continual maintenance problems shall be redesigned and 
reconstructed so as to be both effective and more stable. 
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Pipeline and Facilities 
Drainage and Erosion Control 

Erosion control structures shall be emplaced prior to the 
first spring following ccmmencement of construction, whether 
construction has been completed or not. At sensitive sloping 
Sites, clearing is considered to be part of construction in 
this; context. 

Any failures in any structures or devices shall be promptly 
repaired and damaged lands shall be restored as near as 
possible to the original condition. 

Drainage and erosion control devices shall be designed and 
constructed in a manner that will facilitate travel along the 
pipeline right-of-way and without the devices being rendered 
ineffective by the passage of vehicles, 

Any chemical or petroleum based sealants, sprays or soil 
tabilizers proposed for use shall be tested for toxicity and 

potential for pollution. Specific approval shall be obtained 
for each material proposed to be used. 

All drainage ways and control structures shall be designed 
and maintained in a manner that will accommodate or allow for 
changes in ground level along the pipeline right-of-way, 
caused by frost heave, the growth of the frost bulb or 
thawing of the ground and surface subsidence. 

Allowance shall be made in the design and maintenance of 
drainage controls for disruption of drainage patterns due to 
the growth of stream icings and surface icings alongside the 
right-of-way. 

Drainage breaks shall be provided into the backfill mound, 
surcharge berm or gravel work pad at all watercourse 
crossings, at all places where ephemeral flows of surface 
water cross the pipeline, and at frequent intervals in 
between to allow for the overland flow of spring melt or 
summer storm run-off. The spacing of such breaks shall be 
determined by a rational approach based on the concept of the 
"standard project-flood" described in "Crossings: Design 
Flicws and Levels", 

tn the selection, design and construction of drainage and 
erosion control devices on the right-of-way, the following 
objectives shall be pre-eminant: 
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15. 

a) 

b) 

Cc) 

e) 

Pipeline and Facilities 
Drainage and Erosion Control 

Surface and shallow subsurface drainage shall not be 
disturbed to the extent that water is ponded on or at 
the ground surface on or adjacent to the pipeline right- 
of-way. 

There shail be no channelizing of overland flow or other 
concentrated drainage which could lead to mechanical or 
thermal erosion. In the case of ditches in right-of-way 
cuts,the ditch floors shall be protected from erosion by 
ditch checks, non-erosive blankets of clay or gravel, 
Synthetic fabric mats or any other method acceptable to 
the Agency. 

Water draining through mound breaks shall be dispersed 
Over the ground surface on the down-slope side of the 
pipeline. 

Sediments, particularly silt particles, entrained in 
flowing water shall be prevented from reaching any 
waterkodies or from being deposited on land except in 
designated areas. Sufficient stilling ponds, settling 
basins, sediment traps or other devices shall be 
installed to ensure this. 

Particular attention shall be paid to the prevention of 
erosion on the banks of rivers and streams, on all cut- 
Slopes, in right-of-way cuts and on all valley side 
Slopes. Site-specific designs shall be provided for 
such areas. 

Separate plans and proposals shall be presented for drainage 
and erosion control on the pipeline right-of-way for areas of 
differing construction modes. The following categories are 
suggested: 

a) 

b) 

Cc) 

Areas of "arctic pipeline construction" where the 
‘pipeline is built from a snow road along the right-of- 
way. 

Areas of "conventional winter construction", where the 
pipeline is built from a graded winter road. 

Areas where a surcharge berm is built to control frost 
heave. 
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Dita 

Pipeline and Facilities 
Drainage and Erosion Control 

d) Areas subject to inundation by storm surges, ice-jams or 
Other floods. 

e) Areas of summer or fall construction, where <he Pipeline 
is built from a gravel work pad. 

Special plans and proposals shall be presented for the design 
and installation of erosion control measures at all 
designated stream crossings. In particular Special plans 
will be required at all major river crossings proposed to be 
constructed in summer. Draft plans are to be presented as 
part of the preliminary design submission for all designated 
crossings: 

In the location, design and construction of facility sites, 
work pads and airfields, the following objectives shall be 
pre-eminent: 

a) Surface and shallow subsurface drainage shall not be 
disturbed to the extent that water is ponded on or at 
the ground surface adjacent to the pads or any other 
place. 

b) There shall be no channelizing of overland flows or 
other concentrated drainage which could lead to 
mechanical or thermal erosion. In the case of ditches 
to lead water around the edge of pads and airfields, the 
ditch floors shall ke protected from erosion BY=-ai<tenh 
checks, non-erosive blankets of clay or gravel, 
Synthetic fibre mats or any other method acceptable to 
the Agency. 

Cc) Water draining away from pads or airstrips shall be 
dispersed over the ground surface, 

d) The side slopes of all pads shall be protected from 
eroding. 

€) Particular attention shall be paid to drainage and 
erosion control at all sites used during construction of 
the pipeline but then closed down and not used during 
Operations and maintenance. This includes, but is not 
limited to borrow sites (especially borrow sites on 
river flood plains), spoil disposal sites, wharves, 
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18. 

f) 

g) 

Pipeline and Facilities 
Drainage and Erosion Control 

stockpile sites and the work pads used in the 
construction of majer river crossings. 

Sediments, particularly silt particles, entrained in 
flowing water shall be prevented from reaching any 
waterbodies or from being deposited on land except in 
designated areas. Sufficient stilling ponds, settling 
basins, sediment traps or other devices shall be 
installed to ensure this. 

Any drainage water from a pad that contains any 
petroleum products or other chemicals shall be trapped, 
contained and disposed of according to the provisions of 
the section on "Spill Prevention and Control", 

In the location, design and construction of all roads and 
trails, whether permanent or temporary, the following 
objectives shall be pre-eminent: 

a) 

b) 

c) 

d) 

Surface and shallow subsurface drainage shall not be 
disturbed to the extent that water is ponded on or at 
the ground surface adjacent to the roadway or any other 
place. 

There shall be no channelization of overland flow or 
other concentrated drainage which could lead to 
mechanical or thermal erosion. In the case of roadside 
ditches, the ditch floors shall be protected from 
erosion by ditch checks, non-erosive blankets of clay or 
gravel, synthetic fabric mats or any other method 
acceptable to the Agency. No roadside ditches shall be 
excavated in permafrost terrain. 

For permanent project roads and temporary roads that are 
to be in place during the summer, sufficient through 
grade culverts shall be installed to allow the free 
passage of overland drainage. Each culvert shall be 
equipped with a ditch block or diversion structure to 
minimize flows of water alongside road berms. 

Permanent project roads and temporary roads that are to 
be in place during the summer shall have appropriately 
sized and constructed culverts at all stream crossings. 
The culverts shall be sized and designed in accordance 
with the Fisheries Service Guidelines. Bridges shall be 

a Fe ae 
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LS The 7C 

Pipeline and Facilities 
Drainage and Erosion Control 

used in place of culverts if required by the Agency or 
the Fisheries Service. Low water crossings shall not be 
constructed in such roads. 

For the requirements associated with snow roads, 
reference should be made to that section. 

Ompany and the Agency shall agree on the schedule, level 
of detail and scale of presentation review and approval of 
submi 
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Pipeline and Facilities 
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Pipeline and Facilities 

CROSSINGS: DESIGN FLOWS AND LEVELS et NO ND LEVELS 

GENERAL RECOMMENDATION 

It is recommended that the uniform design flow and design 
level criteria presented below be accepted for all river 
engineering designs, to ensure conservative design and to 
reduce the potential adverse environmental impact. 

DISCUSSION 

Any designs related to a natural waterbody normally require 
Some design flows or design levels, the assumed worst conditions 
against which theproject is designed. Except in the case of 
major undertakings, such as large dams or diking projects, the 
assumed design conditions are always well below the worst 
possible conditions which implies that some risk is accepted. 
There are three basic aspects to risk taking: 

a) Cost: Failures need to be repaired and some failures 
interrupt or impair the operation of the facility 
(e.g. the pipeline). Economic criteria suggest that the 
costs of failures should not exceed the cost of improved 
initial construction that would have avoided the need 
for repairs. 

b) Safety: .Certain failures cannot be tolerated because they 
involve danger to life. This is at present a rather 
controversial topic in engineering circles. It has been 
pointed out recently that society saves vast sums of money 
by building highways and other works in such a way that 
they constitute a significant danger to life -- they 
could be much safer at a price -- while Spending lavishly 
On constructing dams which are almost 100% safe even 
though some could fail and cause only minor loss of 
life. 

c) Environment: Certain failures (or the repairs of failures) 
are associated with such undesirable environemntal consequences 
that they cannot be allowed to occur, although it may be 
impossible to assign a monetary loss to the failure. 

Item (a) is of little concern to the Agency but it is widely 
accepted practice that regulating agencies should state 
general criteria for dealing with items (b) and (c). 

Item (c) is of particular concern here because the main 
argument for engineering evidence at the present Inquiry 
has been that failures need to be repaired and that repair 
jobs have a great potential for causing detrimental impacts 
(Williams, 82:12257, 12258). 
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Pipelins and Failures 
Des. Flows & Des. Levels 

In selecting such criteria, one has to keep in mind that the 
stiffer the criteria that are set, the larger the structure 
will be and the greater the initial impact. It may be 
desirable to accept occassional failures in return for less 
initial disturbance. 

Criteria Required 

The primary requirement is for a design flow criterion 
for pipeline crossing design, but other flow criteria which will 
need to be determined include the maximum flows to be expected 
during the period when the crossing is to be built, design 
flows for road crossings (culverts or bridges), design flows for 
gravel mining in channel zones and on flood plains and 
drainage design flows. 

Water levels rather than flows need to be specified in situations 
involving severe ice jams, lake levels and tides or storm 
surges in coastal areas. 

Design Flow for Pipeline Crossings 

The problem of selecting appropriate design flows is identical 
for both Applicants, although they have taken rather different 
approaches. The Arctic Gas approach emerges clearly from the 
cross examination of Cooper by Scott (25:3062-80; 28:3497-500; 
29:3562-64). For its preliminary designs, it has us3d a so-called 
"envelope curve" on a drainage area vs. peak flow graph for 
most streams (CAGPL Application 14.d.N, 4.3.2, and the 
100-year flood on the Mackenzie. 

FootpiLls.).consultants,. UNLES -Ltd., use for theer basic 

criterion the 1:1000 year flood (Spafford' 65:9482-83). 

Alyeska designs its stream crossings to withstand the so-called 
"standard project flood", which is considerably more conservative 
than the 100-year flood (25:3076-80; see also Recommendation 
i 

Other Design Flows 

The design flows for construction planning, for bridges and 
culverts and for gravel mining schemes have received little 
attention in the hearings except for the drainage flows, 
which will be considered elsewhere. 

The EPB draft code mentions the 50-year flood for bridges and 
culverts (EPB, 1974; Wilimovsky, 48:6406). 
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Pipeline and Facilities 
Des. Flows and Des. Levels 

Design Water Levels 

Water levels rather-. than flows have to be specified in 
Situations involving river ice jams, lake levels, or tides and 
storm surges along coastlines. Neither of the applicants states 
clearly how it intends to determine design water levels due 
to ice jamming, but Acrtic Gas has several years of breakup 
observations. Besides this, there is some published material 
on spring breakup levels along the Mackenzie River but 
virtually no data exist for other sites. Storm surges in 
the Beaufort Sea have been studied as part of the Beaufort 
Sea Project and are now reasonably well understood. A computer 
model exists, which permits the computation of water levels 
along the delta coast for assume meteorological conditions. 

RECOMMENDATIONS 

Fipeline crossings of all designated rivers are to be designed 
to withstand standard project flood conditions. The standard 
project flood is a flood estimate based on the assumption 
that the most severe storm or other meteorological conditions 
considered reasonably characteristics of the specific region 
is occurring (Snyder, 1964). The largest flood considered 
physically possible if all flood-producing factors were to 
combine (probable maximum flood) is normally about twice 
as large as the standard project flood. 

Design water levels due to ice jamming or to storm surges, 
or any other meteorological or hydrological design criteria 
affecting the design of the designated stream crossings are 
to be determined in such a manner that they are at least as 
conservative as the standard project flood. This means that 
the most severe meteorological or hydraulic conditions 
reasonably characteristic of the general region have to be 
assumed in determining design levels. This is generally 
achieved by transposing the most severe conditions ever observed 
anywhere in the region to the site of interest. 

Design flows and levels for all other (non-designated) stream 
crossings are to be selected in such a manner that they are 
reasonably consisent with (i.e. bear same degree to risk as) 
the standard project flood but individual standard project 
floods do not need to be determined. A regional analysis 
based on mutiple regression of design flows on drainage 
basin parameters or based of the grid-square technique would 
be acceptable. 

Permanent stream croSsings of access roads are to be designed 
to withstand l-in-50 year conditions of flow or water levels. 
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Pipeline and Facilities 
Des. Flows and Des. Levels 

Temporary facilities such as work pads in rivers, perimeter 
dikes of gravel mining schemes in channel zones, coffer 
dams etc., are to be designed on the basis of a l-in-25 
year probability level. 

6. The last two design flow specifications refer to the probability 
at which the safety of the structure from flood damage has to 
be assured. Many of these structures will also have to 
meet certain hydraulic criteria for fish passage described 
elsewhere. 

7. Besides determining the appropriate design flows and levels, 
the Company is to submit as part of the preliminary design 
submission, all supporting data and computations to the 
Agency for review. A separate submission is needed for each 
designated stream crossing while all other crossings can be 
dealt with on a spread-by-spread or regional basis. 

Comments on Recommendations 

There are few streamflow and water level data along the northern 
part of the pipeline route, but more meteorological data have been 
assembled. Hence, it is reasonable to recommended adoption of a 
meteorologically based design flood criterion (standard project 
Blood). 

The l-in-25 year and l-in-50 year floods are specified for some 
designs, but they cannot be determined accurately with presently 
available data. The intent is that the specified return periods 
should be used as rough guides in applying engineering judgement. 
If the project is delayed a few more years, the data base for 
final design will be much better and the specified return periods 
could then betaken more literally. The Mackenzie Highway culvert 
design flows are based on 50-year floods (Kite, 1974) besides 
having to meet several fish passage requirements, that are often 
more stringent. 

SOURCES OF INFORMATION 

ie Transcripts, Exhibitss Basic Documents 

CAGPL Cooper, R.H. (25:3062-80; 28:3497-500; 29:3562-64); 
Williams, GL. (82212257-58) 

FH Spafford, G. (65:9482-83) 

EBP Wilimovsky, N.J. (48:6406) 

CAGFL Applications: Section 14.d.N and 4.3-2. 
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Pipeline and Facilities 
Des. Flows and Des. Levels 

Reports 

Environment Protection Board 
1974 Environmental impact assessment, Vol. II. 

Kite, G.W. 

1974 Case study of regional techniques for design flood 
estimation, Can. 3, Earth Sec. BY Voie Jit): pf. 801 

Snyder, F.F. 
1964 ASCE proceedings, No. HY3 





Pipeline and Facilities 

REVEGETATION 

GENERAL RECOMMENDATIONS 

The Company shall revegetate all disturbed land surfaces 
resulting from the construction, operation, and maintenance of 
the pipeline for the primary purpose of controlling erosion. . 

Secondary objectives should be the re-establishment of native 
vegetation and the lessening of aesthetic impact. . 

DISCUSSION 

The construction, and to a lesser extent the operation, of a 
Mackenzie Valley gas pipeline and its ancillary facilities will 
result in the removal of the vegetative cover over much of the 
right-of-way. . 

In northern areas this vegetative cover, together with its 
underlying organic mat and more extensive network of roots, plays 
a vital role in terrain stability.. In permafrost areas, removal 
of the plant cover and the organic mat can change the soil 
thermal regime, thereby increasing the thickness of the active 
layer in summer and causing permafrost degradation. In sensitive 
permafrost areas, where the soils are fine-textured and ice Ch, 
this additional thawing can lead to a variety of instability 
problems, such as subsidence and slumping.. In both permafrost 
and non-permafrost areas the plant cover prevents wind erosion 
and various forms of water erosion, such as sheet, rill, and 
gully erosion... Therefore, the removal of the plant cover can 
Start processes that could threaten the stability of the 
facilities and cause such environmental damage as impeded 
drainage and silted water courses. . 

Of these potential impacts only erosion appears amenable to 
control by revegetation of the disturbed surfaces and then only 
in conjunction with the appropriate drainage and erosion control 
procedures.-. The control of permafrost degradation cannot be 
achieved in the short term by newly established vegetation; 
therefore reliance for its control must of necessity be on wholly 
non-biological means. The two Applicants recognize this and it 
is reflected in the stated objectives of their respective 
revegetation programs. . 

The proposed revegetation programs of the two Applicants have 
Similar objectives, i.e. to control erosion by promoting the re- 
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Pipeline and Facilities 
Revegetation 

establishment of natural plant communities... There are, however, 
fundamental differences in their approach. Arctic Gas is relying 
primarily on agronomic varieties of grasses to provide the 
initial ground cover required to control sheet and rill erosion. . 
Native species have only a limited and secondary role.. Hard and 
soft wood shrub cuttings will be used in the revegetation of 
slopes and the seed of two native grasses, Calamagrostis 
canadensis- and Arctagrostis latifolia, will form some part of the 
seed mix. Foothills, on the other hand, proposes to use only 
native species in its programs, and has an apparent greater 
reliance on vegetative methods (including cuttings) than does 
Arctic Gas. . 

The success of either of these revegetation programs is dependent 
On a stable soil surface. Neither of the Applicants has 
demonstrated that this can be everywhere achieved, especially on 
Slopes or cuts in ice-rich permafrost soils. Foothills has yet 
to conduct slope stablization tests. Arctic Gas on the other 
hand has conducted several small scale and separate tests but has 
attempted no large scale integrated test of such procedures. It 
would appear that a large scale test of the proposed revegetation 
procedure for slopes in an area of high potential erodibility is 
required. . 

The two Applicants recognize that their proposed revegetation 
programs will not initially be everywhere successful in 
establishing a complete vegetation cover and that follow-up 
revegetation is required. 

As such follow-up seeding programs will occur primarily in the 
summer there is a potential for conflicts with wildlife 
populations. There is a concern that the resolution of such 
conflicts will be at the expense of the revegetation program It 
is important that the revegetation of any area be at a time 
appropriate to the establishment of the vegetation and not be 
governed solely by the desire to avoid contact with any specific 
wildlife population. In any adjustments to the revegetation 
program from such conflicts, or for any other reason, priorityvain 
revegetation should be given to areas most susceptible to 
erosion, as opposed, for instance to relatively level areas where 
the erosion hazard is low. 
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Pipeline and Facilities 
Revegetation 

RECOMMENDATIONS 

1. 

oo 

aan 

Revegetation shall be planned and implemented as a complement 
to other drainage and erosion control measures rather than as 
an end in itself. First priority shall be given to areas 
where there is a high potential for erosion and major 
concerns over the environmental impact of erosion. . 

The Company will ensure that revegetation (together with the 
necessary clean-up, re-grading, preparation of drainage and 
erosion control structures etc.) is completed promptly after 
termination of pipeline construction activity or other land- 
use of the site. 

To this end priority will be placed by the Company on the 
manpower, logistic and supply requirements of the 
revegetation program needed to meet the planned revegetation 
schedule, 

The Company shall, as part of its preliminary design, 
demonstrate to the Agency by an approved field test or tests 
in the project area the suitability of its proposed 
revegetation procedures for the control of erosion on slopes 
and cuts. 

The Company shall, at the design review stage, submit to the 
Agency its general plans for revegetation of the right-of-way 
and other disturbed areas. This plan shall indicate the 
kinds of seed mixtures and where they will be used, the 
vegetative methods to be used and where, the amount and type 
of fertilizer, the types of equipment and their application 
and timing. . The appropriate documentary evidence in support 
of these procedures shall also be included. . 

The Company shall submit to the Agency following the 
submission of its general plan a specific revegetation plan 
for each spread detailing manpower requirements and training, 
logistics, the seed mixes to be used and their rates of 
application, fertilizer type(s) and rates of application, 
methods and timing of application, vegetative methods and 
their application, expected follow-up, revegetation 
requirements, and procedures to be applied to minimize 
environmental impacts... These revegetation plans shall also 
demonstrate how the procedures and the seed-mixes and 
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Pipeline and Facilities 

Revegetation 

fertilizer will be adjusted in keeping with changes in 
topography, soil and drainage. 

Where site-specific erosion control plans are necessary, the 
Company shall include the required revegetation procedures as 
a specific component of this plan. 

Information shall be provided to the Agency on the source(s) 
of the plant material required for revegetation, manpower and 
aircraft requirements for the collection and placement of the 
plant material, support camp location, timing, and potential 
conflicts with wildlife population. . 

The Company shall, as an integral component of its initial 
revegetation program, monitor the short term success and 
shall repeat the revegetation measures where required until 
they are successufl. The control of erosion shall be the 
primary objective of such follow-up revegetation: aesthetic 
considerations shall be secondary. 

The Company shall monitor, as a part of its operations and 
maintenance program, the long term success of its 
revegetation program. Supplementary seeding will be limited 
to that required for the control of erosion and will not be 
allowed for only aesthetic or cosmetic reasons. This 
approach will limit the long term persistence of non-native 
species along the right-of-way and will encourage the re- 
establishment of native plant species. 

The Company shall ensure that any requirements for summer 
revegetation, whether initial or supplementary, integrate 
both the needs of the plants for establishment and the 
avoidance, where possible, of conflicts with wildlife. 
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Pipeline and Facilities 
Revegetation 
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Pipeline and Facilities 

CROSSINGS: DEFINITIONS 

GENERAL RECOMMENDATION 

Enforceable regulations require clear definitions; this paper 
attempts to define and clarify those technical terms related to 
hydrology whose definition is uncertain. . 

All definitions of fluvial terms are assembled here, although 
some of them are needed in connection with matters other than 
stream crossings (€.g. borrow from rivers). 

DEFINITIONS OF WATERCOURSES 

DISCUSSION 

Strictly speaking, any identifiable trace of concentrated runoff 
water could be called a stream. . Pipeline construction, however, 
involves at least four different levels of effort in crossing 
Such streams and it is thus desirable to gear any regulations 
towards these four levels, but without giving the pipeline 
company control over the classification for regulatory purposes. 

Both Applicants propose to identify all watercourses (as defined 
subsequently) by walking the line after clearing, to ensure that 
none are missed. At the lowest level, small intermittent 
drainage courses will be treated as part of drainage and erosion 
control. This involves mainly the provision of berm breaks, but 
no sag bends, and therefore does not affect the pipe itself. The 
remaining three levels involve some type of stream crossing 
design. The second group of watercourses comprises small streams 
for which "typical" crossing designs will be used.. The third 
group requires site-specific designs and procedures. . All these 
first three groups of crossings are to be executed as part of the 
Main pipeline construction by the spread contractor. The last 
group comprises a few of the larger stream crossings, which may 
be built under separate contracts and possibly at different times 
of the year than the main pipeline. 

The question of how big a watercourse has to be to become the 
subject of a stream crossing design (typical or site-specific) 
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Pipeline and Facilities 
Crossings: Definitions 

has been debated several times during the Inquiry and has 
undergone a certain amount of change. 

Arctic Gas appears to believe that there are approximately 650 
streams to be crossed in Canada North of 60°N, 150 of which 
require individual designs. catements by Hollingshead and 
Harlan in NEB hearings (NEB 2854, NEB 2273) provide a basis for 
placing the minimum drainage area for a Site-specific design at 
10 square miles and the minimum area for a typical stream 
crossing design at 1 square mile. . 

Arctic Gas' definition of a "major" river crossing is stated by 
Clark: "We have a classification of major and minor river 
crossings that actually relates to the manner in which they are 
built. Usually, a major river crossing is one that is handled by 
a separate contractor, a minor river crossing is one that is 
handled by the contractor dealing with that particular spread" 
(283:3459).. 

Spafford attempts a somewhat more comprehensive definition on 
behalf of Foothills: "The way one defines a major river is quite 
controversial. We define it more on a point of view of 
difficulty of crossing the river and it may or may not have been 
influenced by the volume of flow. Our criteria were, I believe, 
in excess of 100 foot high banks, 30 percent grade or greater and 
20,000 cfs design flow or greater, any one of these factors would 
qualify it as major" (64:9422-23).. Neither of the above usages 
appears to be of use to the Agency. . 

What does matter to the Agency is that the pipeline company 
undertake appropriate hydrological and biological studies and 
come up with a design and a construction procedure which do not 
damage the stream. The definitions presented here are meant to 
serve as a basis for specifying the extent of studies to be 
undertaken before interfering with streams, and the procedures to 
be followed for obtaining permits to proceed with construction. 

In the present document, watercourse is meant to be the-all- 
inclusive term without any implication of size. Drainage courses 
are the small watercourses for which the drainage and erosion 
control procedures are obviously applicable, without hydrological 
or biological work beyond the initial map and field 
identification; whereas streams are watercourses that need to be 
investigated hydrologically and biologically. The groups of 
desiqnated streams and designated major rivers are introduced as 
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Pipeline and Facilities 
Crossings: Definitions 

some further subdivision of the large number of streams and 
rivers according to potential impact. . 

RECOMMENDATIONS 

1.. The following definitions of watercourses should be used by 
the Company and the Agency in river engineering design: 

Ae. 

b, 

Watercourse: Any identifiable trace made by concentrated 
runoff water on the earth surface, . 

Drainage course: All watercourses Smaller than streams 
as defined below. 

Stream (also river, creek): Watercourses which 
seasonally offer habitat suitable for fish and/or have 
an average stream channel width greater than 3 feet 
and/or carry perennial flows in excess of 0.05 cfs 
and/or have a drainage area greater than 1 Square mile. 

Designated stream (also designated river): A stream or 
river for which site-specific crossing designs and 
procedures are required by the Agency. The following 
streams will be designated: streams with drainage areas 
greater than 10 square miles; streams with the potential 
for significant channel shift and scour at the crossing 
Site; streams which support significant fish populations 
at some time of the year in the vicinity of the crossing 
Site; and streams where the pipeline crossing involves 
potentially significant technical or environmental 
hazards. . 

Designated major river: A river likely to be crossed on 
the basis of separate construction contracts and/or a 
river to be crossed at times that are Significantly 
different from the main pipeline construction. The 
following river crossings are included in this category: 
Great Bear, Peel, Mackenzie River, main Mackenzie Delta 
distributaries and Shallow Bay. Others that possibly 
would be included are Firth, 01d Crow, Hare Indian and 
Willowlake. The latter two are noted in the Foothills 
Application. 
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Pipeline and Facilities 
Crossings: Definitions 

2.-. At the time of submission of the preliminary river crossing 
design or earlier, a complete listing of all designated 
streams and all major rivers should be prepared by the Agency 
(in consultation with the Company) to serve as a reference in 
design review. 

DEFINITIONS OF VALLEYS. 

DISCUSSION 

There is considerable confusion in the transcripts and 
applications concerning names for the various features of a river 
valley. As certain pipeline related facilities or activities 
will be located in or close to rivers agreed-upon definitions 
will be needed as a basis for regulation. . 

Both applications use the terms "active flood plain", "fossil 
flood plain", "alluvial meander plain" and "high terrace", and 
the transcripts include discussion regarding definition of these 
terms and use of the term “active channel" (Cooper, 21:2466-67; 
26:3128-29; Lewis, 70:10567-71; McCart, 83:12445-46).. The 
proposals made here for use of "stream channel", "flood plain" 
and "terrace" correspond to widely accepted engineering practice 
(Cook et ale, 1975; Kellerhals et al., 1976) and are generally 
Similar to the usage proposed by Lewis. 

RECOMMENDATIONS 

3.. The following definitions of valley components should be used 
by the Company and the Agency in river engineering planning: 

ae Stream channel (or river channel) zone: Generally the 
Smaller of the following two areas: 

the area between the top of distinct stream banks or 
between distinct trim-lines of forest or tundra 
vegetation; or 
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Pipeline and Facilities 
Crossings: Definitions 

the stream channel area covered by flowing water at 
least once in two years on a long term average. In the 
case of braided streams (characterized by multiple, 
laterally unstable channels), the channel zone includes 
the entire braided zone. . 

b. Flood plain: Low-lying area adjoining a stream channel, 
underlain by alluvial (river-deposited) materials and 
subject to occasional flooding (at least once in 100 
years on a long term average). . 

Ce Terrace: Area that was a flood plain at some earlier 
geologic time but is now relatively higher above the 
stream (the stream may have incised itself) and 
therefore not subject to flooding, or only subject to 
very infrequent, minor flooding. . 

SOURCES OF INFORMATION 

ie 

26 

Transcripts, exhibits, basic documents 

CAGPL Clark, J.1I..(28:3459); Cooper, R.H. (2132466-67; 
2633.1 28s29)tstMNcCart Pede (832 12445-46) 

FH Spafford, G. . (64:9422-23) 

Comm. Cre Lewis, Cars 7 (CiOAIGS67—7.1) 

Reports 

Cook, 
i275 Journal of the hydraulics division, ASCE, Vol. 101, 

No HY7. 

Kellerhals, R. et al.. 
1976 Classification and analysis of river processes; 

Journal of the hydraulics division, ASCE, Vol. 102, 
No HY7.. 

National Energy Board 
1976 Transcript, Mackenzie Valley hearing, GH-1-76: 

CAGPL evidence, pp. 2273, 2854. . 



ats 

Pa sa 
| 

sere segs ook a ie a 
mason ao aaah es 

> oi = * i 

eatin” oH) 

6 

Ve > OS ete. Fi 

aes Outs peetin, eee eee 

ine es a _ : 

eta~aznts th as ao cre LS. im <5] 
(aa~288y 

iy Mbidnt>). 
ay i 

ry 7 

ny | ne . 

“a 

Th a ae 

Pie %& : 
ta De 

u ' 

(eeersvond toeketih: BOE DRS: MOLTETLALECR LO | 
.200 .tov 15086 .aeleivid so lipesbvid g2? 35, ere at 



Pipeline and Facilities 

CROSSINGS: CESIGN CRITERIA 

GENERAL RECOMMENCATION 

River crossing designs shall incorporate criteria for avoiding or 
reducing environmental impact, and shall be adjusted so as to 
reduce the possibility of crossing failures leading to 
environmentally disruptive contingencies and repairs. The 
criteria proposed relate to crossing location, location of sag 
bends, river training works, effects of the frost bulb, 
crossings, buoyancy control, scour computations, dual crossings 
and frost heave. 

INTRODUCTION 

Developing a design code for pipeline river crossings falls 
outside the terms of reference of this Inquiry, but certain 
engineering aspects of the crossing design have definite 
environmental implications. The first five sub-sections below 
deal with matters of this nature. The other major justification 
for dealing with engineering aspects of pipeline design relates 
to the repair cf failures. Certain types of failures may be 
quite tolerable from a narrow engineering point of view because 
they either do not threaten continuity of gas supply or can be 
repaired quickly enough to keep the interruption of supply within 
tolerable limits. Accepting the chance of infrequent failures of 
this type may be cheaper in the long term than taking adequate 
measures to prevent them, yet, from an environmental point of 
view, the repair work may be very damaging because it will 
normally have to be undertaken at the time of the failure, a time 
that may be most unsuitable. This concer is shared by Williams 
and Harlan (82:12257-67) and it is well illustrated with the 
case-history of the Kotaneelee River crossing (25:3001; 
69:10399).. The final four sub-sections deal with items of this 
type. o< 

It is bEasically the Company's responsibility to design and 
construct a safe and environmentally sound pipeline. 
Considerable restraint should therefore be exercised in imposing 
specific engineering solutions by regulation. 
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Pipeline and Facilities 
CrosSings: Design Criteria 

The present recommendations are meant to provide guidance to the 
designers and to the review agency, in order to facilitate an 
early meeting of minds. Without detailed design review process 
by an outside regulating agency, the present design criteria 
would re meaningless. 

In the following discussion where escape clauses are not 
included, it is intended that the Agency may respond to requests 
by the Company for relief frem a particular requirement, where 
convincing evidence is presented that the requirement is 
unnecessary or inappropriate. 

LOCATION OF CROSSINGS 

DISCUSSION 

Some of the most difficult geotechnical problems in pipeline 
design arise in connection with stream crossings. Clark states 
that the pipeline location was to a considerable degree governed 
by the location of suitable stream crosSing sites (19A:2238). 
One major preblem, which is considered elsewhere, is the 
Stability of the river bank or valley wall slopes. Other 
problems more directly related to rivers include the importance 
of crossing locations, the sensitivity of discrete reaches of 
rivers, possible shifts in stream course, and the proximity of 
highway and ripeline crossings. 

RECOMMENDATIONS 

1. Certain sections of most rivers and river valleys should be 
avoided by river crossings because of technical eittickicy or 
because of environmental or land use concerns. Therefore, 
selecticn of crossing locations to avoid such unsuitable 
Sites should precede finalization of the route of the 
pipeline. 

2. The potential for the stream course and the pipeline to run 
parallel, as a result of a shift in the stream course, shall 
be prevented by careful siting of crossings in reaches where 
the stream is stable and straight. The pipeline shall cross 
flood plains and channel zones as directly as possible 
(2032800; 78:11657; PAAG p.223). 
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Pipeline and Facilities 
Crossings: Design Criteria 

3. A site-by-site evaluation is necessary to determine the 
approach to ke adopted where highway and pipeline crossings 
are close together. Safety, aesthetics and certain 
geotechnical problems tend to suggest wide separation but 
close spacing might minimize the impact on fisheries and 
facilitate future maintenance (78:11653-54; 109: 16671-72; 

4, Where preliminary pipeline crossings of designated streams 
fall within one mile of a permanent road crossing of the same 
stream, the Company shall decide the most desirable 
separation and then justify its proposal before the Agency. 
The Agency may specify a distance of separation. . 

LOCATION OF SAG BENDS 

DISCUSSION 

As rivers flow in single, well defined and stable channels, the 
sag bends are located a relatively short distance land-ward of 
the river banks, thus allowing for minor bank erosion and channel 
shift over the life of the pipeline. Potential conflicts arise 
mainly when crossing wide, braided channels or channels which 
migrate at Significant rates across a flood plain, because there 
the designer can either locate the sag bends outside the present 
and potential future channel zone, burying the pipeline deeply 
all across these channel zones, or he can Squeeze the channel 
zone with river training works and build only a short river 
crossing.. The environmental effects of the two altematives 
differ as the first involves considerably more initial work but 
less permanent interference with the river than the second. 
Clark and Hollingshead explain the basic design problem (19:2228- 
29; 21:2434-35) and Cooper gives a clear commitment to adopt the 
preferable, first alternative (21:2467). In the case of 
Significantly meandering channels, Hollingshead states that 
Arctic Gas could either locate the sag bends beyond the furthest 
point that the meandering channel could ever reach or they could 
be placed fairly close to the present channel. If, after some 
years, monitoring shows that the channel is getting close to a 
sag bend, training works could be built to stabilize the channel 
V2 Us 2435). - 
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Pipeline and Facilities 
Crossings: Design Criteria 

Either technique can also be applied to a similar problem which 
occurs at the western end of the Shallow Bay crossing, where the 
Shoreline recedes at roughly 25 feet per year (132:20008-09; 
20052-53). 

From an environmental point of view, the first alternative of 
placing the sag bends well outside the present or future channel 
zone is commonly preferable kecause it reduces the risk of major 
repair or maintenance work. The reasons why the second 
alternative -- river training works -- is undesirable as 
discussed below. 

The matter has not arisen in connection with the Foothills 
Application, but the concern is of a general nature and applies 
to all stream crossings. It becomes particularly important along 
the Arctic Gas Coastal Cross-Delta route with the braided streams 
of the Yukon North Slope, and at Shallow Bay. 

RECOMMENDATIONS 

5. The sag bends of all designated stream crossings are to be 
located far enough beyond the channel zone to assure that 
they will still be outside the channel zone by a safe 

distance after 50 years of natural, unimpeded channel zone 
migration. The Agency may waive this requirement if the 
Company can show conclusively that deep burial beyond the 
channel zone will do more damage than the construction of 
river training works needed to avoid deep burial. 

RIVER TRAINING WORKS 

DISCUSSION 

River training works to alter the direction of river flow or to 
contain it ina fixed or confined passage can be proposed in a 
variety of circumstances. For instance, the channel zone of 
rivers can be narrowed permanently to reduce the length of river 
crossings, or be confined temporarily to make room for a borrow 
operation in the channel zone; the normal process of meander 
migration can be arrested to provide a stable river crossing 
site, or training works can be built on the flood plain to 
prevent future meander cutoffs or other channel relocations. 
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Pipeline and Facilities 
Crossings: Design Criteria 

Training works may interfere considerably with a river by 
obstructing fish, causing siltation or can be plain ugly. 
Moreover, a high percentage of them fail, thereby magnifying 
detrimental effects. This danger is particularly acute on the 
Yukon North Slope, where factors such as icings and permafrost 
add to the difficulties... While Clark (1932228) is of the opinion 
that all necessary design tools are available, Lewis (70: 10584) 
doubts this, particularly with regard to the Yukon North Slope. 
There is a definite possibility that the cheapest design of a 
pipeline across the Yukon North Slope could involve extensive 
river training works (Williams, 132:20046).. This is a major 
concern. However, concerns over the environmental effects of 
river training works are not confined to the Yukon North Slore: 
rather such works would be of concern at any crossing along any 
of the proposed pipeline routes and alternatives. 

RECOMMENDATIONS 

6.. Permanent river training works in the channel zone are tc be 
avoided wherever possible. Unavoidable training works aimed 
at preventing a river from taking off along the pipeline 
right-of-way or from entering a flood plain Grevele rit, cL 
designed to prevent cut-offs or avulsions, are to be located 
preferably on flood plains rather than in channel zones. 

EFFECTS OF THE FROST BULB 

DISCUSSION 

There is a certain amount of groundwater flow in the alluvial 
materials below most rivers and their flood plains. The quantity 
of water involved is normally very small compared with the river 
flow but, in the case of rivers which dry up during certain parts 
of the year, it may nevertheless have great biological 
Significance. In permafrost areas many rivers do freeze up, but 
the groundwater flow may maintain pools of water in some deep 
parts cf the channel or may emerge as springs at certain 
locaticns along the channel (28:3437-55). These restricted areas 
of water can be crucial for overwintering fish and eggs (see 
"Fish Protection"). A pipeline kuried in the alluvial materials 
below a river and carrying gas at temperatures below freezing 
might, in time, choke off the groundwater flow by the growing 
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Pipeline and Facilities 
Crossings: Design Criteria 

frost bulb. The groundwater would then emerge just upstream of 
the pipeline crossing and probably form an icing there. The 
fish, accustomed to overwintering at certain downstream 
locations, could be left without water CLS 739RF 64242533). 

Arctic Gas mentions a number of tentative solutions to this 
problem without making any commitment to adopt any one (26:3224; 
28:3481). It agrees with Adam and Lewis on the need for further 
research and indicates that this is presently under way (46:6108- 
09; 70:10592-93; 73:10967-68). There is broad agreement among 
witnesses that the frost bulb effects on groundwater flow below 
streams are a serious concern, and that both the problem and the 
proposed solution are not yet adequately understood. It is 
probable that, given sufficient time and funds, design sclutions 
to overcome this problem are available and there is always the 
possibility of crossing overhead thereby avoiding the problem 
entirely. 

Although this potential problem is most graphically evident in 
the case of pipeline crossings on the Yukon North Slope, it is 
also of substantial concern relative to crossings of small 
streams along the Mackenzie Valley and elsewhere. 

It should be noted that the existence of a problem concerning 
groundwater flow at a river crossing can not be known definitely 
without site-specific knowledge of winter river and groundwater 
flow over a number of years, the winter aquatic ecosystem, and 
the crossing plan. Likewise, design of any mitigative measures 
requires the same detailed knowledge. 

RECOMMENDATIONS 

7. Preliminary design proposals for all designated stream 
crossings (and for any other crossing required by the Agency) 
will be accompanied by conclusive evidence that: 

(a) maintenance of groundwater flow in the general area of 
the crossing in winter is not of environmental 
importance; or 

(b) maintenance of such flow is cf environmental importance 
but that installation of a crossing without special 
mitigative measures will not have adverse envircnmental 
effects. 

a6 a 
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Pipeline and Facilities 
Crossings: Design Criteria 

Where the above conditions can not be met (i.e. where special protection measures are known to be needed or where there is 
no conclusive demonstration that they are not needed) the crossing design will incorporate measures that assure 
continued winter groundwater and channel flow across the 
installation so as to provide adequate protection of fish 
populations and the aquatic ecosystem that supports them. 

8. The Company will build and test a Physical model of a stream 
crossing little or no winter channel flow but Significant 
groundwater flow. This model will demonstrate that the 
proposed means of assuring groundwater flow across the frost 
bulb are effective, and that the structures can be installed 
without significantly increasing environmental impact of the 
construction process.. Its effectiveness in Maintaining the 
following parameters shall be demonstrated: 

(a) a Similar flow of water across the frost bulb to points 
downstream, as would occur naturally; 

(b) normal physical water quality characteristics such as 
Suspended sediment, dissolved oxygen, and temperature; 

(Cc) normal chemical water quality characteristics such as 
PH, conductivity and colour; and 

(d) normal invertebrate and fish communities {including 
eggs) in overwintering areas downstream. 

OVERHEAD CROSSINGS 

DISCUSSION 

Although overhead crossings are not part of either application 
for the mainline -- Foothills plans to supend community laterals 
from existing highway bridges (Fawcett, 60:8559) -- they provide 
a technically feasible alternative for crossing most streams 
(2222666; 24:2817-19; 2522976; 30:3890; 62:8868). Pipeline 
designers generally do not like them because they intrcduce 
construction and maintenance problems that are almost totally 
different from those found along the rest of the buried line. 
Overhead structures are also vulnerable to sabotage and vandalism 
(Horte, 56: 7861-62). 
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Pipeline and Facilities 
Crossings: Design Criteria 

There are at least four reasons why overhead structures may be 
environmentally preferable to buried crossings at certain sites 
(Adam, 46:6109-10; 85:12648) : 

(a) slope stability and erosion problems arising at narrow, deep 
valleys can ke avoided (Mirosh and Walker, 62: 8862-73); 

(b) the difficult ice scour problems at Point Separation can be 
avoided; 

(c) there would be no frost bulb to interfere with groundwater 
flow; and 

(d) there would be no frost heave, 

Environmental problems associated with overhead crossings are 
relatively minor and reasonably well known. Large overhead 
crossings present a hazard to helicopters and planes. 

Combined pipeline-highway overhead crossings are feasible as 
evidenced by Foothills‘ plans for community laterals and might 
make highway bridges possible that could otherwise not be 
justified. Unfortunately this matter has never been resolved in 
the evidence, although there are oblique references to it (Horte 
96:7860-61; Phillip, C-4:198-200). The Alyeska line crosses the 
Yukon River on a joint pipeline-highway bridge (Carison et al., 
1976). 

Difficulties with construction and maintenance make pipeline 
builders very reluctant to consider overhead crossings, althcugh 
many existing cverhead crossings indicate that these difficulties 
can be overcome.. Regulations should assure that the overhead 
alternative, which deals effectively with several major 
environmental concerns, is not rejected purely for reascns of 
convenience. 

RECOMMENDATIONS 

9. Where preliminary design review indicates that a buried 
crossing would involve substantial unresolved environmental 
concerns, the Agency should instruct the Company to prepare a 
comparison of the bturied crossing with an overhead crossing 
and to justify its choice of crossing mode in both 
engineering and environmental terms. 
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Pipeline and Facilities 
Crossings: Design Criteria 

BUOYANCY CONTRCL 

DISCUSSION 

Buoyancy control at river crossings involves standard procedures 
that would be expected to give rise to environmental concerns 
only under the rare conditions when repairs are required in 
sensitive locations and at sensitive times. On the other hand, 
use of less-than-complete buoyancy control outside of the channel 
itself in the periodically inundated flood plain area involves a 
greater possibility of buoyancy control failure and thus of 
environmental damage during repair. 

RECOMMENDATIONS 

10. Buoyancy control weights that cannot Slip off or anchors are 
required at river crossings for the entire length of pipe 
submerged under design flow conditions. Where a concrete 
jacket around the pipe is proposed, the Company shall 
demonstrate that the jacket cannot crack and Spall. 

11. Concrete weights that can not slip off are to be applied to 
all parts of the pipeline system on the Mackenzie Delta. 

SCOUR_ COMPUTATIONS 

DISCUSSION 

Scour computations are essentially an engineering problem and 
environmental aspects are involved only if the computations are 
badly wrong, leading to a failure that needs to be repaired 
almost immediately. Considerable evidence on this topic has been 
presented to the Inquiry because some aspects of river bed scour 
along the prcposed routes are without precedent and involve 
poorly understood phenomena. This applies to the following in 
particular: 

(a) Scour under massive ice jams such as those observed upstream 
of Point Separation on the Mackenzie River (Clark, 20:2396; 
Cooper 25:2964; Cooper and Hollingshead, 132:20042-43) ; 
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Pipeline and Facilities 
Crossings: Design Criteria 

(b) scour or gouging by up-ended ice cakes during breakur 
(Cooper, 25:2990) ; 

(Cc) migration of the very deep and partly unexplained scour holes 
observed in the Mackenzie Delta (Cooper, 2532991) 4 and 

(ad) scour associated with spring runoff flowing over and through 
icings. 

Clark explained Arctic Gas' rrocedures in dealing with river bed 
scour (19A:2276) ; and Hollingshead emphasized the need to 
consider both long term degradation of a river channel and local 
scour (21:2427-33). Lewis emphasized the need to re-examine 
scour computation methods develored for southern Canada if they 
are to be applied to rivers flowing on permafrost (70210582). 
Spafford reccmmended a very conservative approach due to the many 
unknowns (6429301; 65:9463, 9485). 

The many poorly understood phenomena that can contribute towards 
river ked scour give rise to some concern but, in view of the 
close correspondence between the Applicants! interests and 
environmental concerns, the importance of this topic has to be 
rated as mincr. 

RECOMMENDATION 

12. The security of all crossings of designated streams against 
sccur or general river bed degradation from any cause is to 
be assured at a level of risk comparable to the standard 
preject flood. 

DUAL -CROSSINGS os 

INTRODUCTION 

At certain times of the year, such as freeze-up, break-up and the 
Spring flood, it would be impossible to repair pipeline failures 
at some of the larger rivers. These are also the times when 
failures are most likely to occur, because then the varicus river 
processes such as scour and bank erosion are most active. Arctic 
Gas has decided that such risks to its continuity of supply are 
not acceptable (Williams, 15:1724-27; Dau, 16:1802-03; Clark, 

= 4D =< 
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Pipeline and Facilities 
Crossings: Design Criteria 

24A:2907-08, 2944) and propose dual crossings for some of the 
major river crossings and for the Cross-Delta route, including 
Shallow Bay. The crossings are to be separated by approximately 
one river width or by 200 feet across Shallow Bay. 

Foothills, on the other hand, proposes to use Single crossings 
Only. Thus Walker has taken the position that, with careful 
iocation, design and construction, the risk of failure will be 
minimal and does not justify the added cost and added 
environmental disturbance caused by the construction of a dual 
crossing (61A:8724-25). 

Although dual crossings have been proposed by Arctic Gas for 
economic reasons only, they involve a potential environmental 
advantage: namely that repairs in the river or on the banks need 
not be done on an immediate or contingency basis but rather can 
re scheduled and orderly, with due allowance for environmental 
protection. In this regard it is noteworthy that both Harlan 
(82:12257-67) and Hayden (100:15194) see river crossing repairs 
as of major environmental concern. Of course, at any particular 
crossing site the chance of major environmental degradation from 
emergency repair of a single crossing at an unsuitable time has 
to be weighed against the detrimental effect of building two 
pipelines rather than just one. 

RECOMMENDATIONS 

13. The Company's preliminary design submission to the Agency for 
each designated major river crossing shall include a 
Statement of the environmental rationale involved in the 
decision to use a single or dual crossing. The Agency may 
extend this requirement to crossings of other large rivers. 
The environmental rationale for any dual crossing shall 
include the approaches as well as the crossing itself (for 
instance the Arctic Gas plan for the dual crossing of the 
East Channel of Mackenzie River at Swimming Point involves a 
crossing of fish-sensitive Holmes Creek). . 

14. If the project involves a dual pipeline across the Mackenzie 
Delta, "cross-overs" between the two pipes should be 
installed during pipeline construction to increase 
flexibility in repair scheduling. 
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Pipeline and Facilities 
Crossings: Design Criteria 

FROST HEAVE 

DISCUSSION 

Frost heave is a consideration relative to the Shallow Bay 
crossing as well as river crossings where the pipe is chilled and 
the river bed materials are unfrozen and frost susceptible. 
Clark acknowledges that frost heave under rivers is somewhat 
different from other frost heave (73: 10826) but states that 
Arctic Gas plans to deal with it using essentially the same 
technigues as elsewhere. The concept of dealing with frost heave 
under dual river crossings by alternating the gas flow between 
the pipes (Clark, 20:2308; 132:20074-75; Slusarchuk, 26:3212-13, 
3228). Insulating the pipe has also been mentioned as a solution 
for smaller streams (Slusarchuk, 262 3220-21) 6 

Environmental concern regarding frost heave of underwater 
crosSings relates principally to the potential impact of repairs, 
particularly if required at sensitive locations and times. 
Moreover, there could be ecological changes of concern if frost 
heave of the proposed dual pipeline under Shallow Bay were to be 
accompanied by changes in the profile of the bay floor. 

RECOMMENDATIONS 

The recommendations in the section of this report dealing with 
frost heave in general cover the concems relating to heave of 
underwater crossings. . 

SOURCES OF INFORMATICN 

Te Transcripts, Exhibits, Basic Documents 

CAGPL Clark, J.I. (1922228-29; 19A:2238, 22763; 20:2308, 
2396; 24A:2907-08, 2944; 28:3437-55, 3481; 
73310826); Cooper, RH. (20224003; 21:2467; 24:2817- 
193; 2532964, 2981, 2990; 32:20042-43); Dau, P.He 
(16: 1802-03) ; Hardy, RM. (22:2666; 2533001); 
Harlan, ReL. (73:210967-98; 79211739; 82: 12257-67) ; 
Hollingshead, G.W. (21:2427-35; 25:2976; 306:3890; 
32:20042-43; 62:8868; 132:20008-09, 20052-53); 
HOrLe, Vs. (505 7560-62)": Mecart,’ Pad. : (84212533) 
Minning, G. (78:11653-54, 11657); Owen, E.B. 
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Pipeline and Facilities 

CROSSINGS: CONSTRUCTION 

GENERAL RECOMMENDATION 

Construction of river crossings -- including installation of the 
pipe, use of pads or berms, and restoration of river bed and 
banks -- together with the scheduling of construction activity 
Shall be adjusted so as to avoid or limit disturbance of fish and 
other direct or indirect environmental impacts. 

INTRODUCTION 

The problems encountered in constructing buried pipeline 
crossings and the techniques used to overcome them tend to set 
stream crossings distinctly apart from the remainder of the 
pipeline. Although river crossings amount to only a small 
fraction of total pipeline length, they are a major item in the 
Overall project both in terms of cost and in terms of potential 
environmental impact. 

TIMING OF CONSTRUCTION 

DISCUSSION 

Most pipeline construction activities of Arctic Gas and Foothills 
are planned for winter, but a major exception is the proposed 
summer construction of large river crossings and the crossing of 
Shallow Bay (Clark, 24:2875-76; Dau, 37:4745-49). Since most of 
these crossings are to be built either from barges or work pads, 
summer construction should be possible without risking major 
terrain damage, but the amount of work done on the approaches has 
to be minimized. Foothills also plans to build large crossings, 
such as those across the Mackenzie River in summer and smaller 
ones in winter (Walker, 61A:8723-24). Unlike Arctic Gas, 
Foothills proposes summer construction for the Hare Indian and 
Willowlake River crossings but according to Ellwood (C-18:1811) a 
definite decision on the time of construction for the Hare Indian 
River has not yet been made. 

Construction of a large river crossing, whether done in summer or 
winter, involves a fairly rigid sequence of different activities 
(the major ones of which are discussed in subsequent sections). 
The concern is that even with the best of intentions on the part 
of the Company, unforeseen delays (common in construction) 
combined with very rigid overall deadlines could disrupt any 
environmentally motivated initial schedule. . For instance, 
construction of the Shallow Bay crossing in summer could 
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Pipeline and Facilities 
Crossings: Construction 

potentially be in conflict with protection of white whales, 
staging geese if even minor schedule delays occur. Another 
possible conflict involves construction of the crossing of the 
Hare Indian River and fishing by residents of Fort Good Hope (C- 
18:1808-10). 

The timing cf the construction of river training works is 
uncertain from the evidence. Hollinghead agrees with Scott that 
river training works have not traditionally been built in winter, 
and states that Arctic Gas has not yet decided when to build them 
(25:3019ff). Extensive summer construction of training works 
could lend to a variety of environmental concerns. 

RECOMMENCATIONS 

1. The Company shall prepare detailed schedules for all 
construction work associated with crossings of designated 
Streams and shall submit evidence showing that the schedule 
is realistic with adequate contingency allowances. Evidence 
is also required to show that the proposed schedule does not 
interfere with significant biological activities and 
resources and that it also does not clash with traditional 
human activities. The freezing applies not Only to the 
construction but to all logistics associated with it. 

2. On request from the Agency, the Company shall draw up 
construction plans for crossing selected designated streams 
at times other than winter, and shall evaluate these plans 
for feasibility, cost and environmental impact. These plans 
will be implemented if so requested by the Agency. . 

3. Summer construction of new training works is to be avoided, 
unless all necessary materials and equipment can be brought 
to the site by water or by air. 

4, The approaches to summer-constructed river crossings are to 
be built in winter. 
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Pipeline and Facilities 
Crossings: Construction 

INSTALLATION OF THE PIPE 

DISCUSSION 

The various methods of installing the pipeline below the stream 
bed give rise to a number of closely related concerns. Easiest 
to cross are winter-dry streams, particularly if the excavation 
for the pipe ditch does not intersect taliks (unfrozen ground) 
below the channel zone. Such stream crosSings can be installed 
as part of the ncrmal pipe-laying procedure. Frequently the pipe 
ditch will intersect taliks below the stream and this will 
complicate construction because any excavation will fill with 
water which will tend to freeze rapidly. In order to avoid 
Significant interference with the groundwater flow, it will be 
necessary to minimize the time between excavation of the ditch 
and backfilling. Contamination of the groundwater with the 
excesSive silt or with hydrocarbon spills will also have to be 
avoided. 

The sections of this report on "Fish Protection" have outlined 
the environmental problems involved in winter crossings of 
streams carrying limited flows and containing overwintering fish 
or eggs. It is hard to predict which streams will be flowing 
(Spafford, 64:9436). The pipeline crossings have to be installed 
without interrupting the flow and without damaging the downstream 
reach through sedimentation.. The following measures can be used 
to minimize impact: 

a) Speed: if the time during which the stream is being disturbed 
can be kept very brief, a certain amount of flow interruption 
and sedimentation may be tolerable. 

b) Diversion: depending on local circumstances it may be 
possible to divert the stream through a temporary culvert 
around the stream crossing site while the crossing is being 
installed (64:9419; 84:12555). 

¢c) Pumping: small winter flows can probably be pumped across the 
pipeline right-of-way during the installation of the 
crossing. 

d) Ditch plugs: the pipeline ditch on either side of the stream 
crossing should be plugged or backfilled before the river 
crossing ditch is excavated, to assure that the stream does 
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Pipeline and Facilities 
Crossings: Construction 

not flow into the ditch or that silty ditch drainage does not 
get into the stream (Wilimovsky, 48:6407). 

Some stream crossings will require blasting which gives rise to 
the concerns that are presented in ""Underwater Blasting", 

Much of the material excavated from stream crossing ditches will 
be used as backfill but any material left over will need to be 
disposed of in a manner that does not interfere with the stream. 
This should not pose any problems where ditch Spoil consists of 
unfrozen, granular material. The crossings of large rivers, for 
which summer construction is being proposed, have a potential 
Spoil disposal problem. Excavation by dredge is being proposed 
for the crossings at Point Separation and further north, which 
involve primarily the excavation of sand and silt, which is to be 
discharged into the river channel downstream of the crossing 
(26:3113). This gives rise to two basic concerns: increasing 
the sediment lcad of the river and obstructing the river. 

The Mackenzie River crossing near Fort Simpson will probably have 
to be excavated by dragline because the river bed material is 
likely to be tco coarse for dredging. Draglines have much less 
flexibility than dredges indisposing of spoil and this 
obstruction of the river channel could be a concern. To what 
degree these large trenches across the Mackenzie are to be 
backfilled, and where the backfill is to come ErOoms 15 not 
entirely clear from the evidence. Ditches excavated in sand and 
silt will tend to backfill naturally during the next Spring flood 
but whether this would also happen in the Mackenzie River, 
upstream of Fort Simpson, seems doubtful. 

Of all the stream related concerns, those related to the process 
of installing the pire across streams in winter are probably the 
most critical principally because of the need to protect 
overwintering fish in certain streams and because effective 
control may be difficult to implement in the darkness and cold of 
winter. 

Summer construction of crossings commonly will be of lesser 
concern because the work will take place at times when the rivers 
could naturally be subject to large scale disturbances caused by 
rain-induced summer floods. The disposal of spoil from dragline 
and dredge operation is amenable to a variety of solutions such 
as land disposal or barging to suitable dump sites (26423443) 
The Agency need not accept the presently proposed, most econcmic 
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Pipeline and Facilities 
Crossings: Construction 

method of disposal into the river channel, downstream of the 
excavation, if further study should indicate that it is 
environmentally unacceptable. 

5. The Company shall endeavour to have at least 2 years of 
periodic winter flow observations for all designated stream 
crossings prior to completion of final design. . 

6. Before completion of final design, the Company shall develop 
and test a construction technique (such as diversion or 
pumping) that permits pipe laying in the dry across any 
streams with winter flow up to 100 cfs. 

7. All winter construction of crossings in watercourses 
containing overwintering fish or Spawning areas less than 5 
miles downstream is to be done in the dry by waiting for the 
stream to dry up, by diverting the stream, or by Staging 
construction using cofferdams. Water flow, including 
intragravel movement, shall be maintained to any fish or egg 
overwintering areas and siltation shall be controlled to 
levels outlined in "Suspended Sediment Standards", . 

8. The pipe trench across the stream shall be backfilled with 
Channel bed material. 

9. AS part of the planning for summer built crossings, the 
Company shall evaluate several alternate spoil disposal 
schemes from economic, technical and environmental points of 
view. At least three ranked schemes shall be submitted for 
approval in frinciple. - 

10. If spoil disposal into the river channel is proposed the 
Company must show that this does not increase the channel 
velocity to interfere with navigation or fish migration, and 
does not lead to increases in suspended sediment that are 
hazardous to fish (See "Suspended Sediment Standards"). 

11. Ditch plugs shall be left in place on both sides of stream 
crossings until the last possible minute, to assure that 
little or no ditch drainage flow can enter the stream and no 
streamflow can enter the ditch. 

12. The interference with aquifers below winter-dry channels is 
to be minimized... In particular, the Company shall avoid 
plugging aquifers with silt or contaminating the groundwater 

meat See 
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Pipeline and Facilities 
Crossings: Construction 

in any way. The construction time of crossings interfering 
with such aquifers is to be kept as short as possible. 

13. Blasting should conform to the proposals listed in 
"Underwater Blasting", 

SIZE AND CONSTRUCTION OF WORK PADS OR BERMS IN CHANNEL ZONES ee i et EN CHANNEL ZONES 

DISCUSSION 

At those crossings for which summer construction is proposed, the 
pipe will be assembled into major segments of several hundred 
feet length on a work pad on one side of the river and then 
pulled across the river. This operation can be done in stages, 
depending on the size of the work pad and on the width of the. 
crossing (Dau, 33:4362). Depending on the valley cross section, 
this work pad may be built beside the channel zone on a flood 
piain (which is the preferred location) or it may have to be 
built in the channel zcne itself where it might interfere with 
flows or might get washed away during a flood. If parts of a 
work pad are eroded by the river, serious siltation problems 
could arise, depending on the type of materials used in 
constructing the work pad. . 

Similar problems arise if parts of the channel zone were to be 
diked off with a cofferdam to permit pipe laying in the dry. By 
obstructing the channel zone one increases the velocity and 
erosive power of the flow in the remaining channel area. This 
can interfere directly with navigation or fish migration and it 
can also cause erosion of the channel bed and of the opposite 
bank (Stein, 122:18698). 

14, Work pads and cofferdams will be designed to withstand the 1- 
in-25 year flood condition derived for the period of the year 
during which the pad or cofferdam will be in the channel 
zone. 

15. The size of work pads or of the diked areas in the channel at 
any one time will be limited in such a manner that they do 
not interfere with fish migraticn or navigation and do not 
cause Significant erosion at the 1-in-25 year flood 
condition. 
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Pipeline and Facilities 
Crossings: Construction 

16. At no time shall a work pad or a diked area occupy more than 
two fifths of the channel zone width. 

17. Any borrow or spoil materials left in the river after removal 
of a work pad and any such material that is allowed to be 
eroded by the river shall not cause changes to the channel or 
bank morphology cr to the river bed that are detrimental to 
fish or wildlife or to any other use of the watercourse. 

SEDIMENTATION 

DISCUSSION 

Many of the fisheries concerns with a Mackenzie Valley gas 
pipeline relate to a concern about the introduction of sediment 
into streams in a harmful manner (Wilimovsky, 47:6153). The 
effects of suspended sediment on stream biota are unfortunately 
complex and by no means fully understood, so that it is dipricult 
to draw up regulations that state in Simple terms what is harmful 
and what is not. Whether a certain sediment concentration is 
harmful to a stream depends on where it occurs, when it occurs 
and what the water discharge happens to be at the time it occurs 
(Harlan, 82:12198); McCart, 85A:12774; Stein, LU Serenades: 
Stelgenberger, 103:15756). 

One can say however, that introducing fine sediments (silt and 
Sand) into a stream is likely to be harmful and certainly not 
beneficial, so that it should be avoided. A recent incident of 
Significant, damaging sedimentation is discussed by Snow 
(126:19248-49), 

AS a rough guide one can assume that, if suspended sediment 
concentrations are kept within the natural range typical for the 
stream site, the time of the year, and the prevailing discharge, 
no harmful effects are likely to result. It is particularly 
important to ensure that the effect of discharge is not 
neglected. There is some evidence indicating that Arctic Gas 
believes that high sediment concentrations can be accepted in 
certain streams during summer and fall because they can occur 
naturally at that time (Minning, 78:11656). This neglects the 
fact that natural occurrences are associated with flood 
discharges which tend to wash the sediment down the stream 
channel rapidly and without significant deposition. Similar 
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Pipeline and Facilities 
Crossings: Construction 

sediment concentratims occurring at low flows might settle out 
on the stream bed in a damaging manner. 

RECOMMENDATIONS 

Many of the recommendations in this and other sections of this 
report dealing with River Crossings have reduction of 
sedimentation as a main objective and the same is true of the 
section on "Drainage and Erosion Control". Further 
recommendations relating to suspended sediment occur throughcut 
the sections on "Fish Protection" and particularly under the 
heading "Suspended Sediment Standards", 

RESTORATION OF RIVER BEDS AND BANKS 

DISCUSSION 

The constructicn of buried stream crossings involves the 
excavation of deep cuts (trenches) in the beds and banks of 
streams and the construction of work pads, coffer dams, winter 
roads, working surfaces and access ramps is also likely to result 
in some disturbance of beds and banks. 

The pipe trench across stream channels is normally backfilled 
with "native" materials. As long as such backfill corresponds 
roughly to the original shape of the stream bed, the stream will 
re-grade the bed during the next flood. This involves little 
potential for significant long term impacts separate from the 
initial impacts resulting frem construction work, which have been 
discussed previously. Fills placed on top of stream beds (work 
pads, ramps, etc.) naturally need to ke removed but this too has 
little potential for lcng term impact as long as it is executed 
properly, keeping siltation and erosion within accpetable limits. 

Restoration of the river banks has a greater potential for 
permanent impact. Poor restoration is unaesthetic, could lead to 
Slides into the river with associated siltation, or could 
encourage the river to find a new course by breaking through the 
cut bank. Rivers associated with broad flood plains and river 
channels on deltas are normally contained by natural levées. 
Such levées tend to be very erosion resistant and are rarely 
breached by flood flows, although they may be frequently 
submerged... All Mackenzie Delta distributaries are asscciated 
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Pipeline and Facilities 
CrosSings: Construction 

with such levées and it will be particularly important that they 
are properly restored at all pipeline crossings. 

If the river bank material is ice-rich, cutting into it and 
leaving the cut exposed could initiate a lengthy cycle of thaw 
erosion (Adams, 46:6108-09). The Applicants appear to be well 
aware of these problems. Arctic Gas' methods of dealing with 
them are described by Clark (19A:2260) and, in more detail, by 
Hollingshead (21:2436). The bank cuts are to be backfilled with 
native material and blanketed with select backfill to prevent 
gullying and thaw erosion. Where the installation of the river 
crossing has reduced the resistance of the river bank against 
erosion, riprap or other bank erosion control measures ({gabions, 
Spurs, etc.) will be employed. The concerns related to such 
devices have been discussed under the heading "River Training 
Works" in "Crossings: Design Criteria", The second major concern 
related to the restoration of river banks arises from the fact 
that many are too steep to be restored to their original shape. 
AS a consequence, the pipeline will frequently approach streams 
through a cut in the bank that will naturally tend to attract 
runoff water. Unless properly protected, the Pipeline right-of- 
way will develop inte one or several deeply scoured gullies and 
the pipe may become exposed. The Kotaneelee crossing of the 
Pointed Mountain pipeline provdes an excellent example of this 
sequence of event. 

The erosion problem at steep river banks and valley walls is one 
of the most important and most frequently stated environmental 
concerns related to the present pipeline project. The solutions 
are well known but relatively expensive and therefore not always 
applied... They consist of an array of erosion control measures 
for steep slopes, such as granular backfills and blankets, 
insulation, revegetation, diversion of storm runoff away from the 
pipeline right-of-way, etc.. (See "Drainage and Erosion 
Ccntrol"). The problems at river banks are not basically 
different from those on any other slope. 

RECOMMENDATIONS 

18. On the completion of in-stream pipeline construction, all 
Stream beds are to be restored to their original shape using 
native or closely similar materials. On request, the Agency 
may relieve the Company from this requirement if he can show 
that the stream in question is sufficiently active to assure 

Ba 
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Pipeline and Facilities 
Crossings: Construction 

restoration of the stream bed during the first freshet 
following construction, and if this does not interfere with 
the biological resources of the stream, 

19. Stream banks are to be restored as close to their original 
Shape as drainage and slope stability considerations permit. 
The restored banks are to be as erosion resistant as the 
natural banks immediately upstream and downstream from the 
crossing. 

20. Restoration of river banks is to conform to the basic 
approach recommended in relation to location of sag bends in 
"Crossings: Lesign Criteria". Pipeline crossings should 
interfere as little as possible with normal lateral processes 
of the river. 





Pipeline and Facilities 

CROSSINGS: MONITORING 

GENERAL RECOMMENDATION 

In view of the dynamic nature of rivers, ongoing monitoring of 
each pipe crossing and of the river channel adjacent to the 
crossing will be undertaken in order to record the seasonal and 
long term changes in the river bed and banks and the position of 
the pipe relative to them so as to be able to anticipate and plan 
for protection works or repairs. 

DISCUSSION 

Although river crossings are designed to withstand changes of the 
river and its channel, and to avoid disturbing the natural 
processes of evolution of the river, not all changes can be 
predicted accurately in advance. Prediction of the behaviour of 
arctic rivers is particularly uncertain because they involve 
Processes not encountered elsewhere such as the formation of 
icings and thermal erosion of ice-rich soil on the banks. 
Although catastophic changes have to be dealt with as 
contingencies, slower changes can be monitored by repeated 
measurements in order to provide a basis for planning 
countermeasures. . Such monitoring should be applied to changes 
that are seasonal or cyclical as well as those that are 
progressive. Parameters to be recorded include rate of channel 
shift, change in channel depth relative to position of the pipe 
(scour depth), ice jams and their effects, river icings and sub- 
channel flow in streams with low winter flow, changes in 
Suspended sediment, and pipe movements caused by buoyancy, frost 
heave, etc. 

RECOMMENDATIONS 

1. A monitoring plan and schedule shall be submitted to the 
Agency for approval with the final design for each designated 
river crossing.. Site-specific adjustments to the plan may be 
submitted up to the time of commissioning of the pipe. 
During operation of the pipeline, the appropriate 
governmental body may carry out or instruct the Company to 
carry out additional monitoring at any river crossing. 
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Pipeline and Facilities 
Crossings: Monitoring 

In general, the monitoring program should include the 
following components: 

(a) 

(b) 

(Cc) 

(d) 

(€) 

(f) 

vertical stereoscopic and photo coverage at an 
appropriate scale once a year or more frequently for any 
crossing of a stream showing significant post channel 
migraticn or bank erosion; 

Channel soundings once a year for designated major 
stream crossings with mobile bed subject to scour: the 
soundings should extend over a channel reach of about 10 
channel widths upstream and downstream from the 
pipeline; 

soundings and other observations at crossings where 
major ice jams occur: as soon as possible after each ice 
jam has formed the crossing site should be sounded for 
scour holes and a procedure for detecting scour depth 
beneath ice jams should be developed; 

flow measurements and water level records during winter 
at crossings where low water flow or groundwater is 
important to overwintering fish: this could include 
water yield of springs, piezometric measurements of 
groundwater, and okservations on icings; 

Suspended sediment concentration (see "Suspended 
Sediment Standards") ; 

position of the pipe relative to an established datum at 
crosSings where the post bulb around the chilled pire 
could encounter frost-susceptible soils. . 

On 31 August of each operating year the Company shall submit 
a report to the appropriate regulatory body summarizing the 
findings of the monitoring of stream crossings during the 
previous year. . 

After five years of operation of the pipeline, the Company 
may request reduction of the stream crossing monitoring 
program. 
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Pipeline and Facilities 

LOCATION-OF FACILITIES 

GENERAL RECOMMENDATION 

Ihe Company shall ensure minimal impact on river valleys, 
environmentally and biologically sensitive areas, scenic areas 
and areas important to native people through careful location of 
its compressor stations and associated facilities. 

DISCUSSION 

Evidence has been presented that the Applicants! proposed routes 
were largely determined on shortest distance, i.e. economic 
grounds. Major terrain barriers were considered at this finst 
stage of selection, but once these had been avoided, suitable 
river crossing sites became major determinants of the route. 
Compressor stations were located at approximately 50 mile 
intervals at hydraulically optimum points based on pipe and 
Station size and design gas volumes, then adjusted slightly in 
location as required by geotechnical considerations. The degree 
of flexibility in choosing sites is said to be very limited in 
order to achieve and/or maintain hydraulic balance and throughput 
efficiency. 

Compressor stations are the focal points of activity and 
construction during the building and operation of the Pipeline -- 
hence the term "facilities complex", Airstrips, helipads, 
wharves, stockpiles, roads (permanent and temporary), borrow pits 
and permanent housing are all located in the vicinity of 
compressor stations, and some compressor station pads will also 
be used as the sites of the large construction camps. 

In the total view, the trunk gas line is a dynamic linear element 
across the northern landscape with nodes of great activity at 50 
mile intervals. At a smaller scale, however, these focal points 
are not small nodes of activity centred on the compressor 
Stations, but are themselves linear: they sprawl from wharf 
sites on the Mackenzie River to stockpile sites on the right-of- 
way and to helipads, airfields and borrow pits. They may include 
Several miles of road and tens of square miles of land. Also, 
they generally lie at right angles to the Pipeline itself and the 
Mackenzie Highway right-of-way which may be crossed. 

Moreoever, these nodes of activity exist not only for the 
construction phase, but will persist at a lower level of activity 
throughout the lifetime of the pipeline. Curing looping of the 



a 

Sas ri 
sa Spars sues 

‘ 4: ; a) 

by en 

» Syed ter. pies oF a Prva ac <tr“. _— idl ar ¥, at a 

t 36o'mr DLegos «se 8g eviuén oh >in <a athe hie ; 

i os, nobrgool: fates Akos potted rhoy haere i jo es 

teizh eine 22 Sexebhaaoo exam red nex . 2a 
gidestne ,beblove meed bat seeds san TUG yf t 30 Spase 
crue! edt to esuaniezesce) Sofem anise i oa, soaeomn 

elisa of view salu (ge See : 
i 

Bis ¢cic no beset etniog aonisgo Vi rate evz! ie’ 
nt ylotetie berectie agtiy | Ppp ae ae ae 

sexpob off .enciseteablgane Tao sey 
ni -hotimil rev sd oF Sise et nethe. Cons mi; 

sugdgvesds Ans 2nacaited aL cca 
i. 3 are} 

.- i 

brs esiv Eten so asckad, tapo ads sae 
=e, stitegiq s@2 326 as Sry | a sdd : 

aie ine yeas. “net anoe 8983 >A 
trie wornee . (ctes6qves Bas: | 

> Ysinioiv addy Si-betenedt > “ons 
= tihy ehseg nolss%e2 ToReemgEOD ance 

, eqs? i ena seret ed? %o Stare 2 
; 7 ek bial ie 

nets 1eeatt oimingh ont) onbl eee andes ald sie be Reaee age ot 
. ts TILvLtos tse7p ko eshom dziw eqéhabael mxeitzon eis” 
einloy Lacokt sesd? ,revewod.,elepe aeilems a SA- a inet | 

xougsezqmoo 9df nc Sexztaeq yeivdIo8- erg g pnn 7 
yzsdw most, fwerqe _vrseanil sevigumday ese 

Ro-sipts edz no escie oliqioota. aged ort Ton 
ohulont yam yor? .atig. worxed Bas gii® 

a(f@~ .Bnal 30 zetia oxsupe 20 saad Dae, Seve 
sty boa Sieesa satlegiq sat o¢ enlpns odpix be 

vtivisas “to Levelt nts a 2a | 
eat to onigool pabuel heat 19, 



Pipeline and Facilities 
Location of Facilities 

line, this lower level of operation will be punctuated by 
sustained bursts of activity centred at, but not restricted to, 
compressor stations, which will approximate the level during 
original construction. 

It is these factors -- accumulative level of activity, amount and 
distribution of land involved and length of time -- which make 
the location of compressor stations so vital. It is particularly 
important that their location avoid, as far as possible, 
environmentally or biologically sensitive areas, and areas with a 
high aesthetic value. 

Valleys and valley walls are a case in point. Valleys crossed by 
the pipeline constitute only a small proportion of the total 
landscape, but they have disproportionately high land-use, 
environmental, aesthetic and recreational values. They encompass 
essential fish, aquatic mammal and moose habitat; the vegetation 
in them is more varied and lush than elsewhere, complementing the 
Scenic superiority which they exhibit over rather monotanous 
inter-stream uplands. Valleys have always been and still are the 
preferred travel routes for native peoples and are the sites of 
many historic and archaeological remains. (PAAG, pp. 219-22)... In 
fact, valleys are the counter part of facilities complexes... They 
are the focal points of ecosystem (in the broadest sense) 
acitivity, whether it be geological, hydrological, biological, 
cultural or economic. . 

Valleys are just as important to the ecosystems crossed by the 
pipeline as the facilities complexes are to the pipeline itself 
and warrant equal consideration. 

It would seem that neither Applicant has considered the above 
adequately in the siting of its compressor stations (e.g-e Exhibit 
88). However the following factors suggest a greater degree of 
flexibility in the future siting of compressor stations than has 
been admitted by the Applicants: 

(a) tentative state of the route; 

(b) indecision on the part of the Applicants as to final turbine 
type; 
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(a) 

(e) 
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(9) 

Pipeline and Facilities 
Location of Facilities 

range in horsepower available at stations by virtue of what 
is commercially available can be feasibly modified; 

the excess horsepower built into the design of every 
station; 

lack of precise elevations for the pipeline profile (G. 
Perrault, pers. comm., and and NEB transcripts about July 
26, 1976.); 

substitution of looping for compressor horsepower in 
maintaining throughout; and 

social Guideline No. 4 which states: "In addition, where the 
pipeline construction is planned to be located in proximity 
to a settlement...particularly a native settlement or 
localized area subject to intensive use, then the location 
of construction camps, associated activities and the 
detailed siting of the pipeline will be decided by 
government after consultation with the Applicant, and the 
Settlement council, or local government body, or the native 
Organization," (1972 Pipeline Guidelines). 

RECOMMENTATIONS: THE COMPANY 

1. The final location of compressor stations shall reflect the 
joint impact of the following concerns on major valleys, 
environmentally and biologically sensitive areas, scenic 
areas and areas important to native people: 

(a) the cumulative and synergistic effect of all facilities 
associated with the compressor stations; and 

(b) the operational lifetime of facilities and activities. 

The Company shall comply with Social Guideline No. 4, "1972 
Pipeline Guidelines", . ; 

AS a general guide, the Company shall not locate facilities 
complexes within three miles of a major valley edge. . "Major 
valley" is to be defined by the Agency, but would not be 
restricted to perennial streams since major streams, 
particularly on the North Slope freeze to the bottom in 
winter. 
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Pipeline and Facilities 
Location of Facilities 

4. In all cases where the Company hopes to have this constraint 
waived, it shall submit in a form that facilitates checking 
and verification, detailed plans and comparison of the 
technical, capital and Operating costs, and the 
environmental and social impact differences for an 
acceptable site (outside the three mile limit) as well as 
its proposed alternative. In particular, data and printouts 
related to the hydraulics and economics of compressor 
Station spacing shall be submitted in a form readily 
verifiable by the Agency. 

RECOMMENDATIONS: THE GOVERNMENT 

Se. The Agency should critically review the Company's compressor 
station locations bearing in mind the 1972 Pipeline 
Guidelines and the other concerns outlined above. 

SOURCES OF INFORMATION 

As noted in the text. . 
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Pipeline and Facilities 

CAMPS, WHARVES AND STOCKPILE SITES 

GENERAL RECOMMENCATION 

The Company shall design and locate all wharves, stockpile sites 
and construction camps to suit the immediate and long term 
aspirations of the local people and to minimize adverse 
environmental effects. 

The Agency should ensure that the facilities built for the 
pipeline construction complement, as much as possible, the’ 
Ongoing planning process in the Mackenzie Valley and Northern 
Yukon. 

DISCUSSION 

The Mackenzie River system and the Artic coastline are to be 
utilized as main supply routes for the transportation of heavy 
equipment and supplies necessary for the construction of a gas 
pipeline. Where required alcng these waterways, wharves, either 
existing or constructed for pipeline purposes, will be utilized 
to off load equipment and supplies. These will be stored either 
at the wharf site or further in land at stockpile sites until the 
winter construction season. 

In total, Arctic Gas plans to move about 1.5 million tons over a 
three year period. Foothills plans to move 1.03 millicn tons. 
The scale of the transhipment operation at a particular 
wharf/stockpile site is exemplified by the breakdown of materials 
to be moved through a typical wharf/stockpile site (CAGPL): 

(a) fuels: 2.6 million gallons 
(5) pipe: 45,000 tons 
(c) explosives: 500 tons 
(d) miscellaneous: camp facilities, heavy equipment etc. 

9,500 tons (approximately). 

The approach of ktoth Applicants is similar. During the ice free 
shipping season karges will handle the transportation of pipe 
fuels, lubricants, heavy equipment, modular Campsite components, 
and other necessary equipment and supplies. The 
wharves/stockpile sites will be utilized throughout the 
construction phase of the project and, in some cases, during the 
Operational and maintenance phases. Construction camps will be 
removed after completicn of the construction work. 
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Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

Both Applicants rfropose stockpile sites on both sides of major river crossings and both plan campsites of up to 800 men at the stockpile sites, transhipment sites and the compressor station sites. 

Arctic Gas is proposing approximately 20 wharf sites for its prime route. They plan to utilize Dew Line sites along the Yukon Arctic Coast, temporary wharf facilities in the Delta and mainly permanent wharf facilities on the Mackenzie, Stockpile sites will be either located at the wharf site or at the compressor 
Station site. 

Foothills plans approximately 15 wharf sites in the Delta and 
along the Mackenzie River. Their stockpile sites will be 
adjacent to the wharf sites, 

Both the Applicants plan for the location and design of wharves 
and stockpile sites (and hence some Camps) were founded on basic 
assumptions that are now, in hindsite, questionable. The 
assumptions about the continuation of the Mackenzie Highway, the 
capacity of the Dempster Highway, the useability of the Simpson 
to Inuvik winter road, the ability of helicopters to perform as 
required under adverse winter conditions, the availability of 
community wharf sites, airstrips etc. are all variables that have 
been assumed fixed by the Applicants. Also, of particular 
concern is the proposal to establish a major transhipment point 
at Axe Point. This proposal must receive the most careful 
Scrutiny by government to assess the short and long range 
ramifications for the existing adjacent communities, the 
immediate and leng range transportation infrastructure and the 
overall planning in region. 

The specific location of the camps and wharves/stockpile sites 
(which is determined in part by the above assumptions) is of 
concern when considering both the environmental and socio- 
economic impact of the pipeline project. In Many instances, the 
location scheduling and method of operation of these facilities 
will govern the impact of the project. 

Inadequate consultation, planning and site specific studies prior 
to the final site selection and inadequate control during 
Operation could result in substantial impacts on northern 
peoples, northern business, existing and future land use patterns 
(traditional and others), fish and wildlife resources, 
archaeological sites, etc. Existing communities may, in some 
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Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

cases, benefit from new or improved facilities that complement 
their infrastructure. This could be particularly applicable to 
major staging areas such as Ray River, Fort Simpson, Norman Wells 
and Inuvik. However, some ccmmunities may not want anything to 
do with the camps, wharves/stockpile sites associated with the 
project. Recognition of the individual communities decisions 
must Fe accounted for during the site selection and design 
process. . 

The specific design cf the on-site facilities, the handling and 
storage of materials, the regulation of human activities, and 
scheduling of activities during site preparation and pipeline 
construction are also of major concern. 

Locating sites on unstable terrain, ground water recharge areas, 
or in areas subject to water inundation (flooding and storm 
Surges), could result in terrain disturbance both in the short 
and long term, and could increase the frequency or risk of 
accidental chemical spilis. . F 

Destruction of fish and wildlife habitat, due to the presence cf 
men and equipment, may cause disturbance during the critical life 
cycle phases of animals. The potential of fuels or other toxic 
chemicals entering a watercourse from a wharf/stockpile site 
which may have adverse effects on the inhabitants and users of 
this resource must be acknowledged as a Major concern (see "Spill 
Prevention and Ccntrol"). 

Arctic Gas estimates that a typical wharf and associated 
Stockpile site (with camp) will occupy approximately 25 acres. A 
stockpile site at a compressor station (with camp) will disturb 
approximately the same acreage. In total this represents a 
relatively small area of terrain and wildlife habitat 
disturkance. The degree of the impact will depend on the 
planning and environmental assessment of each site. The 
construction and operation of the camps, wharves/stockpile sites 
could have severe long term impact on the fish population of the 
area. Continuous sediment and toxic chemical inputs into the 
aquatic system could directly destroy fish populations or alter 
behavioral patterns. Proper construction methods and fuel 
handling safeguards will do much to mitigate any serious impacts 
(see "Spill Preventicn and Control"), 

Finally, the selection of wharf sites must be particularly 
cognizant of archeological evidence. Many of the best sites for 



Nie fy Pa if ia 

eR ? ag 

Sue 
ccinitaeae ae Legace yeas. asit Seynages -: wie 

it) ee spyensit appro ites 5 EK BH: &. = Bi 
vy, a a agro" om Papua ote v1ev in = ns 

prt dys $riaw ton Yam ests t a : 
“ads doku bass nouss 2erzte »f. we 

snblekssb 2a4sbncemo Fo yes ry be 
ei, mpee neh Bos sotsoeiea, atie oat me x0 
da 7 “1 7 Rin ts 

vi iC 

, 

7 

an i 

_ “bas pect tsane eds selsiiios? eskeene edt $5 reve 
hers * -4 i3 )0.338) namon 16 sors a3. oct  atetce 

1 

s we 
silleqiq bks noltetagesg soie-palsem esitix tO. 

TIP INOS et osls: ozs 
+ _ 

> cafe 
4 

.866%8 cpisdos= setew OnOoxD pharsas aicgsede at ord 

i “ 

= 2 " oe pad 
mace Ans pothools) aslesbarnt pape a pd uz 288 

~ seoe o¢9 af d¥od sousdz vaib! Sistzo2 ak. usex biyoz 
to #225 20 yousapes2?. eit eptexdal F Biwo> Sas, ,mxs 

Le Arca ALLA £27 emg . 
my - 

~awewe ata ct Seb (setidad ebtibilw bas ‘Che. fo: ne 

ehil isnities sds putas’ somadzg7esd sates yas. a newahe Jp 
oixos saxo xe elena Bo Lou 20g edt @hanins 30: 

acta. elivpives@\2 1904 2 aot’ sempoosesew-6 ® 
‘Jo eseen Sas senacicdedet 2 nit ho s2ne8ts sssevie = Ts 

. £0igt* eon) axtaodco sere # a6 bophs iworstan ac. sao 
. «€*. foxsa3 

mle r 1% . 7 

Betsekooses bns Sisdw testaue o tacz, eee 
A .eetoa cf yistam Leowaqe yausoo Iitw 

dsz2elbh ifiw (gmeo cttw) nottete Zoaesqma5 & oe 5a 
s atteesiqes aid? istor al  sepeemié, use edt tints 
> vihetitied eS thie Bes eisxis? oo. on ae 

+ eds no, baeqeh {itw, saeqm’ sit 20.2872 
sit .stia fess 30 snemeasess Tagaae: 

aotie eflqinote\eevradw 2 Sqmso | -sdz- 
ed) 26 aoisteigo rod de Sad eit act tHe 

edz ovat atuarck Leo ciedo 9 OF 
“able wo anotssivgog et 3338s. 

Law? bite sbodton pes Phone il 
stoeGe. syotuea Mad ssepinkn OF'x foun 

PY 

. a 

Fi rbd tenies ad3 rea 
102 secnieh Teed, ake 2 



Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

pipeline purposes may also have been national campsites for the 
aboriginal inhabitants of the area. These sites represent an 
irreplacable heritage for all Canadians, in particular for the 
decendents of the aboriginal Feoples. As such, every effort 
Should be taken to safeguard and document the resource. 

RECOMMENDATIONS: THE COMPANY 

Overall Plan 

1. Prior to commencement of final design the Company shall 
submit for Agency approval camps, wharves and stockpile sites 
for all documenting: 

(a) 

(b) 

(Cc) 

(qd) 

(e) 

The location of all such facilities (in map form) 
relative to the pipeline right-of-way, the Mackenzie 
River, existing communities and existing or proposed (by 
Others) rights-of-way such as the Mackenzie Highway, 
existing wharf sites, winter roads etc, 

The general work schedules for each facility. Each 
wharf site and stockpile site shall be designated with 
alternative sites that would be acceptable to the 
Company if the Agency feels that the prime site is 
undesirable, . 

The design standards to be applied to the wharves, 
stockpile sites. 

The total estimated capital cost and the annual 
Operation and maintenance cost of each permanent and 
temporary wharf. Upon request, a net present value 
analysis shall be prepared for each proposed new wharf 
and an incremental operating and maintenance cost 
increase analysis shall be prepared for any existing 
facility that is proposed for upgrading. A cost-benefit 
analysis of specified alternatives to the Company's 
plans shall also be prepared if requested by the Agency. 

The rationale that was used in determining the design 
Standard and location for each particular work and in 
particular, the rationale used in the Company's decision 
cs 
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(f) 

(g) 

(h) 

Comment: 

Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

(i) build new wharves and Stockpile sites rather than 
use existing facilities vice versa; and 

(ii) use temporary rather than permanent wharves and 
stockpile sites or vice versa, 

The general borrow areas that will be used to construct 
tre works. 

All assumptions that the Company has made with respect 
to the availability of existing wharves, stockpile and 
other transport facilities, and the approximate volume 
of project related traffic that such facilities will 
Sustain over the life of construction (broken down into 
monthly winter and summer periods) and during pipeline 
Operation (broken dcwn on a quarterly basis). 

All assumptions the Company has made with respect to 
work by parties not associated with the pipeline company 
(i-€. extensions to the Mackenzie Highway, expansion of 
existing stockpile, wharves etc. works constructed by 
the gas producers etc.). 

The Overall Plan will be a key document in the Agency's 
assessrent cf the logistics cf the project and the short and long 
term implications for ongoing government programs and funding. 
The Company may ke asked to modify its plans to better suit non- 
project related plans and the specific concerns of local people. 
Therefore, it is important that the Company receive the input by 
the Agency at this overview stage before major final design is 
committed. 

Site-Specific Application 

2. The site-specific application shall include: 

(a) 

(5) 

a map indicating the exact location of all proposed 
wharves, stockpile sites and camps with supporting 
socio-economic and environmental information used in 
Location: 

the detailed schedules of construction and use; 
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(Cc) 

(d) 

(e) 

(f) 

(h) 

Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

the maximum anticipation of traffic volumes and camp 
populations during various pipeline construction periods 
and during pipeline operation; 

detailed construction drawings and specifications: 

the exact location of borrow material sources and haul 
routes along with the quantities and quality of such 
material (see Borrow Operations) ; 

the capital, operation and maintenance costs (for new or 
upgraded facilities) that will be borne by the Company 
and that the Company anticipates will have to be borne 
by cthers; and 

post construction plans designating facilities required 
for operation and maintenance, the method of payment for 
Ongcing use, the plans for facilities that are no longer 
required and the overall abandonment plans at the end of 
the useful life of the project or facilicy. 

Locaticn and Design Considerations 

3. The location and design of all camps, wharves and stockpile 
sites shall account for the site specific features of the 
iocal environment including: 

(a) 

(b) 

(c) 

(a) 

(€) 

(f) 

(9) 

geotechnical considerations (permafrost) ; 

drainage and erosion control (DaLcLculariy for 
facilities located in the Delta); 

wildlife habitat and migration; 
Ya) 

fish habitat and migration patterns; 

land use patterns; 

human settlements and camps; and 

archaelogical resources, . 

4, Wharf and stockpile sites shall be located away from the 
confluence of rivers and river mouths unless otherwise 
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Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

specifically approved by the Agency. The location and design 
of stockpile sites shall be cognizant of river flood stages 
and storm surges. 

Comment: The protection of stockpile sites - particularly those with bulk fuel storage - from the flash floods and surges is 
particularly important in the Delta and along the Arctic Coast. 

5 

6~ 

8. 

10. 

11. 

12. 

Wharf and stockpile sites shall be located at sites that 
provide the best possible Opportunity to implement effective 
contigency plans in the event of an oil Spill or similar 
event. Reaches of rivers with fast water, limited access, 
important. biological or social features etc, should be 
avoided. ; 

All fuel product piping systems at wharves, camps and 
stockpile sites shall be located above ground. 

All wharves, stockpile sites and camps shall be equipped with 
Spill prevention, ccontrol and clean up devices. (see "Spill 
Prevention and Control") 

The locaticn of camps, wharves and stockpile sites shall 
conform to the proposals for protecting raptors and waterfowl 
presented in the section on "Birds", 

Camps shall be located preferentially at stockpile sites, 
wharves or compressor station sites. Applications for camps 
located outside these areas shall be Supported by explaining 
why such sites are undesirable. 

The camps built or used Ey the Company shall be self 
sufficient with their own support facilities such as power 
Supply, water supply, sewage treatment and disposal, first 
aid station, recreation etc. 

All designs, navigation aids etc. for wharves shall meet the 
requirements of the Ministry of Transport for the nature of 
the particular facility and the traffic types and volumes 
anticipated, . 

Wherever possible dead anchors for wharf sites should be pile 
driven or drilled rather than excavated and back filled. 
Approaches to the beach from the upper plateaus should be by 
fill rather than cutting through the embankment, . 

oe 
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4 Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

Construction and Maintenance See EE SHON and Maintenance 

13. The cost of all construction Operation and maintenance 
associated with new wharves and Stockpile sites shall be 
borne entirely by the Company. 

14, The cost of construction, Operation and maintenance 
associated with the expansion or upgrading of existing 
wharves and stockpile sites shall ke assumed by the Company 
unless otherwise previously agreed to by the government. 

15. Upon abandonment, the facilities shall be removed and the 
area restored in a manner approved by the Agency. 

Access and Operation 

16. All camps, wharves and Stockpile sites shall be located as 
detailed in the approved design. No such facilities should be 
established with field without Agency approval. . 

17. Where the Company uses existing wharves and stockpile sites 
that use shall be planned and ammended on a daily and 
Seasonal basis so that priority is given to the Ongoing use 
by others, 

18. Access to facilities built by the Company for its cwn use 
Shall be limited to Company or government personnel. The 
Company should take all reasonable steps to discourage access 
by local people and any cthers not employed by the Company, 
the Agency or any of their contractors and subcontractors who 
are actively engaged on the project. In particular the 
Company should limit access to construction camps to only 
those persons associated by employment on that portion of the 
work. 

19. All persons using camp facilities shall be limited to the 
jorksite and campsite areas. The Company should use the full 
extent of its legal and corporate ability to achieve this 
end. 

Comment: Workers on the project whether they be employed by the 
Company, the government or any of their contractors must be 
discouraged by every possible means from disrupting the local 
communities. Many of the construction camps will have 
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Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

populations equal to or greater than the adjacent communities, Since there is a very real possibility for substantial social upset the control of the field work force must receive the highest priority in the Company. Violation of the controls Should subject the offender to most severe penalties including dismissal. The Company should include terms on employee control in all its contracts and all its employment policies. 

RECOMMENDATIONS: THE GOVERNMENT 

Existing and Proposed Facilities 

20. Before granting a right-of-way permit the government should 
establish a clear policy regarding the Company's use of 
existing wharves and stockpile sites and the limits to the 
Company's prerogatives in establishing new facilities. Such 
a policy statement should indicate: 

(a) the exact nature, location and standard of all works to 
be undertaken by government or crown corporations; 

(b) a definitive timetable for all such works; 

(Cc) the acceptable location, duration of use etc. of new 
facilities that might te required by the Company (i.e. 
Axe Point); and 

(d) cost sharing arrangements, if any (Capital, operaticn 
and maintenance). 

Comment: The government policy should reflect the desires of the 
communities along the Mackenzie River system. Where existing 
community facilities are to ke used or upgraded, there should be 
a very clear capital and maintenance cost Sharing agreements. 
The establishment of new facilities outside existing centres 
should be carefully controlled to maintain the viability of 
existing facilities and avoid long range redundancies of 
facilities. . 

21. The Agency should assess the Company's requirements and rlans 
for camps, wharves and stockpile sites with the view of 
integrating the Company's requirements with ongoing and long 
range government and community planning in the Mackenzie 
Valley. The Company's facilities should be made to 
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Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

complement the aspirations within existing communities and 
the ongoing planning process. 
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Pipeline and Facilities 
Camps, Wharves and Stockpile Sites 

CAGPL Application (as amended to 8 March 1976) Sections: 
6.4.4., Wharves; 6.4.5., Camps; 8.b.1.4.6., Fuel 
storage, water supply, waste treatment and 
disposal; 9. Connecting pipeline facilities, 

Responses; Question 12, pp. 12-1 - 12-7, 

PAAG Report 

2nornerorts 

Lombard North Group Ltd. 
1976 Facility site catalogue: Site assessment; 

Biological field program report: 1975; Vol. II (for 
Pooth3-ilis). 
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Pipeline and Facilities 

ROADS, AIRSTRIPS AND HELICOPTER PADS 

GENERAL RECOMMENDATIONS 

The Company shall design all roads, airstrips and helicopter pads in accordance with government's technical and environmental 
Standards and shall locate all such facilities so that they 
complement the long range planning needs of the government and 
the wishes of the northern communities. In locations where the 
Company plans to upgrade or otherwise utilize existing 
facilities, it shall do so without interfering with the ongoing 
use by others. In all cases the cost of building, upgrading, 
Operating and maintaining roads, airports and helipads shall be 
borne by the Company unless otherwise prescribed by the 
government. 

The government should make a clear policy statement on the 
availability of existing and proposed roads (e.g. the Mackenzie 
Highway), airstrips and helipads for the pipeline project during 
construction and operation. . 

DISCUSSION 

Both Agplicants plan to build a multitude of roads, airstrips 
and/or helipads for construction logistics support and for 
routine operation and maintenance of the pipeline. Roads will be 
built to serve wharf and stockpile areas, borrow pits, airstrips, 
helipads and compressor stations. Airstrips and helipads wiil be 
built at compressor stations and main staging areas to transport 
men and equipment to and from the sites. . 

Arctic Gas will rely mainly on fixed wing aircraft for 
construction and operation purposes by building approximately 
fifteen STOL airstrips (2,900 feet), five major airstrips (6,000 
feet) and by upgrading one existing airstrip. . Foothills plans to 
rely on helicopters with backup support from (winter) roads. 

The logistics plans cf both Applicants are based on a number of 
assumptions about the availability of the Dempster Highway, the 
extent of completion of the Mackenzie Highway, the use of 
existing airstrips and the construction of logistics support 
facilities by the gas producers. Over the course of the hearings 
it has become apparent that many of these assumptions may not be 
valid. 
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Pipeline and Facilities 
Roads, Airstrips, Helipads 

The state of completion of the Mackenzie Highway is a key 
variable in the plans for roads, airstrips and helicopter pads on 
the pipeline project. While both Applicants assert that a 
highway is not necessary for construction of the pipeline they do 
concede that it would be an asset during construction and 
particularly during operation. It is reasonable +o conclude that 
pressure will be placed on government to continue the Mackenzie 
Highway construction program. While this may have some merit for 
the project, the government must be cognizant of the reservations 
expressed by the indigenous population and the views advanced by 
expert envircnmental witnesses... Both groups agree that the 
access provided by the highway would pose an environmental and 
social threat far greater than that posed by a pipeline. 

Despite the statements in the "1972 Pipeline Guidelines", the 
evidence indicates that the highway, and the river transportation 
System, not the pipeline, are the determinant factors ina 
Mackenzie Valley corridor. In any event, the government must 
move with the utmost caution if it decides to continue 
construction on the Mackenzie Highway. The burden of proof of 
Synergistic social and envircnmental effects must rest on the 
Froponent of the highway. 

Other aspects of the Applicants! planning cause some concern. 
For example, where they plan to use or upgrade existing roads or 
airstrips, it is not clear who will bear the cost of increased 
Operation and maintenance costs either during the Company's use 
or afterward when the (expanded) facility is left to others to 
maintain. Evidence from Alaska has indicated that maintenance 
costsS cn state highways has been astronomical because of the 
increase in use by pipeline related activities. In some places 
highways are closed for extended periods daily so they can be 
maintained. A similar situation could occur in the Yukon and NWT 
where the roads and airstrips will be very heavily used. A clear 
government policy and definitive maintenance plans will be 
necessary before any pipeline construction begins. 

The plans of Foothills Pipe Lines to rely on helicopters rather 
than fixed wing aircraft for logistics support give rise to 
profound concerns. The limited capacity of helicopters, their 
very restricted capabilities under icing conditions and operating 
constraints posed by IFR conditions make it apparent that other 
Support mechanisms will have to be developed for bcth pipeline 
construction and operation in the North. Also, there is higher 
potential for disturbance of wildlife by helicopters than for 
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Pipeline and Facilities 
Roads, Airstrips, Helipads 

fixed wing aircraft. These factors, the unsuitability of the 
Simpson to Inuvik winter road for pipeline support and the 
general lack of roads make Foothills! present logistics plans 
somewhat questionable. 

Finally, the evidence indicates that the location of roads, 
airstrips and helipads (and hence wharves and stockpile sites) is 
more flexible than the location of the pipeline compressor 
station sites which they often serve. Therefore, one way that 
the environmental and social effect of the project can be altered 
is by relocating the roads, airstrips, helipads and other support 
facilities (wharves, stockpile sites, etc.). In this way spin- 
off community effects can be tailored to ongoing government 
planning and terrain and wildlife disturbance can be controlled. 

RECOMMENDATIONS: THE CCMPANY 

Overall Plan 

1.. Prior to commencement of final design the Company shall 
submit for government aprroval an Overall Plan for all roads, 
airstrips and helipads documenting: 

(a) The location of all roads, airstrips and helipads (in 
map form) relative to the pipeline right-of-way, the 
Mackenzie River, existing communities and existing or 
proposed (by others) facilities such as the Mackenzie 
Highway, land lines, winter roads, borrow pits and 
wharves. . Each airstrip and helipad location shall be 
designated with possible alternative sites that would be 
acceptable to the Company if the Agency feels that the 
prime site is undesirable. 

(b) The design standards to be applied to the various parts 
of the works including stream and river crossings. 

(c) Estimates of the capital cost and the annual operation 
and maintenance cost of each airstrip, helipad and each 
segment of continuous road of a specified design 
standard. A net present value analysis shall be 
prepared for each proposed new airstrip and an 
incremental operating and maintenance cost increase 
analysis shall be prepared for any existing facility 
that is proposed for upgrading. 
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Pipeline and Facilities 
Roads, Airstrips, Helipads 

(d) The rationale that was used in determining the design ; Standard and location for each particular work and in 
particular, the rationale used in the Company's decision 
=Oe 

(i) use gravel instead of snow roads, 

(ii) build new airports or helipads rather than use 
existing facilities and vice versa, 

(iii) use airstrips rather than helipads or vice versa 
and 

(iv) use new rather than existing rights-of-way 

(¢) The general borrow areas that will be used to construct 
the works. 

(f) All assumptions that the Company has made with respect 
to the availability of existing roads, airports and 
helipads and the approximate volume of project related 
traffic that such facilities will sustain over the life 
of construction (broken down into monthly winter and 
Summer periods) and during pipeline Cperation (broken 
down on a quarterly basis). . 

(g) All assumptions the Company has made with respect tc 
proposed road, airstrip or helipad built by parties not 
associated with the pipeline company (e.g. extensions to 
the Mackenzie Highway, works constructed by the gas 
producers etc.). 

Comment: The Overall Plan for roads, airstrips and helipads will 
be a key document in the government's assessment of the logistics 
of the project and the short and long term implications for 
ongoing government programs and funding. The Company may be 
asked to modify its plans to better suit non-project related 
plans and projects. For example, the government may decide that 
a road or airstrip proposed by the Company could serve other 
interests if it were relocated or redesigned in a certain 
fashion. 
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Pipeline and Facilities 
Roads, Airstrips, Helipads 

Site-Specific Application 

2. The site-specific application shall include: 

(a) @ map indicating the exact location of all proposed 
roads, airstrips and helipads with supporting socio- 
economic and environmental information used in location; 

(b) the schedule of construction and duration of use; 

(c) the maximum anticipated traffic volumes during various 
pipeline construction periods and during pipeline 
Operation; 

(ad) detailed construction drawings and specifications 
showing compliance with government design standards for 
roads, airstrips and helipads; 

(e) the exact location of borrow material sources and haul 
routes along with the quantities and quality of such 
material (see "Borrow Operations") ; 

(£) the use of insulation or other non-granular materials in 
the embankment; 

(g) all thermal analyses and geotechnical information used 
in design; 

(h) the location and size of all fill stockpiles designated 
for maintenance or other uses; 

(i) all fish and wildlife information used in location and 
design; 

(j) the designs and design criteria employed to facilitate 
the passage of ungulates and fish; 

(kK) the methods and needs for maintenance including snow 
removal, snow fencing, grading etc.; 

(1) the capital, operation and maintenance costs that will 
be borne by the Company and that the Company anticipates 
will have to be borne by others; and 





Pipeline and Facilities 
Roads, Airstrips, Helipads 

(m) post construction plans designating facilities required 
for operation and maintenance, the method of payment for 
Ongoing use, the plans for facilities that are no longer required and the overall abandonment plans at the end of 
the useful life of the projyect.oreracility.: 

3. Each road, airstrip or helipad that is proposed for the 
Northern Yuken or in the Mackenzie Delta shall be the subject 
of a separate application for a Separate notice to proceed. 

Comment: The construction of any support facilities in the 
Northern Yuken or in the Delta which will outlast the 
construction of the pipeline will be actively discouraged. 
Permanent roads along the right-of-way on the North Slope will be 
prohibited. . The Company must develop logistics plans that will 
keep to an absolute minimum the number of gravel roads, airports 
and helipads by making maximum use of snow roads and Similar 
temporary access facilities or alternative means of logistics 
support. . 

4, Where the Company plans to use permanent or snow road 
alignments that parallel substantial parts of the proposed 
Mackenzie Highway, detailed capital and maintenance cost 
estimates of the road work shall be included in the 
application. . 

5. The location and design of all roads, airstrips and helipads 
shall account for the site-specific features of the local 
environment including: 

(a) geotechnical considerations (permafrost) ; 

(b) drainage and erosion control 

(Cc) wildlife habitat and migrations; 

(d) fish habitat and migration patterns; 

(e) land and water use; 

(£) human settlements and camps; and 

(g) archaeological resources. 
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Pipeline and Facilities 
Roads, Airstrips, Helipads 

Unless otherwise specifically approved by the Agency, all 
roads, airstrips and helipads shall be located at least 300 
feet from any river, lake or stream. 

The location of roads, airstrips and helipads shall conform 
to the proposals for protecting raptors, waterfowl and 
mammals presented in "Birds" and "Terrestrial and Aquatic 
Mammals", 

Location and Design Considerations 

8. 

9. 

10. 

All roads, airports and helipads shall be built to comply 
with government standards. In particular, the minimum 
standard for roads shall be as designated for "Airport Roads" 
as specified in the Northern Roads Classification System 
Standards unless specifically otherwise approved by the 
government. Furthermore, the design and construction shall 
comply with the standards described in the Fisheries Service 
guidelines for highway construction in the Northwest 
Territories. . 

If the Company decides that any shoo-fly roads are to be 
permanent for operation and maintenance reasons, the shoo-fly 
roads shall te designated as permanent and shall be designed 
as all other permanent roads with due attention in the design 
to drainage etc. 

All designs, navigation aids etc. for airstrip or helipad 
facilities shall meet the requirements of the Ministry of 
Transport for the nature of the particular facility and the 
traffic types and volumes anticipated. 

Construction and Maintenance 

11. 

12. 

The cost of all construction, operation and maintenance 
associated with new roads, airports and helipads shall be 
borne entirely by the Company. 

The cost cf construction, operation and maintenence 
associated with the expansion or upgrading of existing roads, 
airports and helipads shall be assumed by the Company unless 
otherwise previcusly agreed to by the government. 





Pipeline and Facilities 
Roads, Airstrips, Helipads 

13. The Company shall have archaeological expertise on-site 
during construction in all areas determined to have 
archaeological significance, 

Access and Use. 

14, During construction the Company shall limit the use of all 
new airports, roads and helipads built for the prozect to 
vehicles and aircraft associated with the project except for 
emergency situations that pose a threat to human life. 

15. After construction and during pipeline operation the Company 
shall, at the request of the government, limit access to 
those roads, airstrips and helipads that are required for 
Operation purposes and shall remove or otherwise obstruct 
access in a manner approved by the government to facilities 
that are not required. 

Comment: Recommendations 14 and 15 are designed to assist in 
protecting fish and wildlife and should be viewed in conjunction 
with the secticns on birds, mammals and fish. 

16. Vehicles on the project shall be operated Only on the 
designated rights-of-way or on the lands leased or owned by 
the Company unless otherwise approved by the government. 

17. Where the Company uses existing roads, airports or helipads, 
it shall assure the availability of the facility for the 
Ongoing needs of others. The Company shall plan and amend 
its daily and seasonal operations so that they do not 
prejudice normal use or access by others. 

18. All roads, airports and helipads shall be located and 
Operated only as detailed in the approved design. No field 
or other approvals shall be given for any works outside the 
areas specifically designated in the application. . 

Comment: Traffic scheduling cn roads and at airports and helipads 
should account for the movements of mammals (caribou) and birds 
(waterfowl). Avoidance or restricted traffic movements should be 
practised. 
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Pipeline and Facilities 
Roads, Airstrips, Helipads 

RECOMMENDATIONS: THE GOVERNMENT 

Existing and Proposed Facilities 

19. Before granting a right-of-way permit the government should 
make a clear statement on what policy will be followed with 
respect to the Company's use of existing roads, airstrips and 
helipads. Such a policy statement should indicate: 

(a) the exact nature, location and standard of all works to 
be undertaken by government or crown corporations; 

(b) a definitive timetable for all such works; and 

(c) the acceptable locations for major new facilities that 
might be required by the Company, and cost sharing 
arrangements, if any (capital, operation and 
maintenance). 

Comment: The Applicants before the Inquiry have made a number of 
assumptions on the use of existing airports and roads (e.g. the 
Dempster Highway, community airstrips).. They have also made 
definite plans based on the availability of facilities such as 
the Mackenzie Highway which are not yet complete. It is 
imperative that the government make its position on these matters 
very clear at the outset so the Company and the government itself 
can proceed in a clearly understood well planned manner. 

20. The government should reassess its policy and plans for a 
Mackenzie Highway considering the concerns of the indigenous 
peoples, the concerns of wildlife experts, the reality of the 
pipeline project's needs and the needs of such a highway for 
future development in the Mackenzie Valley... 

Comment: Both Applicants before the Inquiry have stated clearly 
that although a Mackenzie Highway would be of some assistance in 
building and operating the pipeline, it is not essential. Other 
witnesses, principally from Alaska, have expressed the view that 
an all weather road is essential for pipeline construction and 
Operation. People testifying in the communities have expressed 
great apprehension about the effects of a highway. Various 
expert witnesses at the formal hearings have indicated that the 
environmental/social impact of a highway would be many orders of 
magnitude greater than that of a pipeline. 
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21. 

Pipeline and Facilities 
Roads, Airstrips, Helipads 

The government should assess the Company's requirements and plans for roads, airstrips and helipads with the view of 
integrating the Company's requirements with ongoing and long range government and community planning in the Mackenzie 
Valley and Northern Yukon. The Company's facilities should be made to complement the aSpirations of existing communities and the ongoing planning process. 

Access 

22. 

23. 

The government should, after reviewing the Company's 
preliminary design, make a detailed and broad transportation 
Study in order to optimize the long range benefits of all 
road, airstrip and helipad works to be undertaken by the 
Company. Such a study should account for the desirability to 
limit access to part of the area traversed by the pipeline 
and should define ways of access limitation achievable 
through: 

(a) the Company's design and location and abandonment of 
roads, airports and helipads, and 

(b) the government's policy to use Company facilities 
(including roads) during and after the pipeline 
construction and operating periods. 

The government should make an unequivocal policy that there 
will be no permanent road construction along or adjacent to 
the right-of-way in the Northern Yukon NO MATTER WHAT TYPE OF 
DIFFICULTY THE PIPELINE CONSTRUCTION OR OPERATION ENCOUNTERS, 
The Company should therefore be advised that this section of 
the line would have to be abandoned rather than permit an 
all-weather road to be built. 

a Ty ee 
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Pipeline and Facilities 
Roads, Airstrips, Helipads 
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94:214290-96, 1431820, 14325-38; 95: 14336-38, 
14444-51); Hemstock, R.A. (51:6875; 88A: 13393-97; 
90:13640-53; 97:14734-36); Horte, V. (38: 7868; 
G435764-67, 5821-26; 45:5960-62; 49:6546-75; 
50:6699-701; 56:7819-21, 7869-73); Hurd, L.G. 
(4035218-32, 5238-44; 42: 5514-27); Jakimchuk, R.D. 
(90213655-56; 94:14290-96, 14318-20, 14325-38; 
95314336-38, 14441-51; 96:14559-71, 12575 =77- 
14637-44 3 97:3 14822-31) ; McCart, P.J.. (85: 12726-27; 
943 14290-96, 14318-20, 14325-38; 95:14336-38, 
14441-51, 14460-62); O'Rourke, J.R. (333 4252-54, 
4271-72; 3324278-79; 34:4502-17; 35:4544-47; 
3834863; 39:5051-56; 52:6977); Williams, G.L.. 
(53: 7083, 7090; 68:10150-51; 82:12173, 12176-77) 

Bauer, A.F. (66:9682-87); Bouckhout, C.W. (60:8552- 

(5938342-52, 8425-29, 8556-59); Hushion, D.H. 
(68:10054-58, 10061-64, 10098-105); Mirosh, E.A. 
(6329019-21, 9044-49, 9061-69; 66:9682-87, 9743-46, 
9834-35; 67:9982-87, 9989-91; 68:10093-95); 
Whitney, P.H. (992 15135-69:2 100215208); and 
volumes (195:30448-680; 195A:30681-763) 

Lent, P.C. (110:16780-81, 16823-27, 16865-67, 
16873); Millen, J.M. (104:15965-66); Parker, W. 
(54:7517-54; 75:11026-34; 76:11187-98, 11282-96) * 
Stein, J.N. (103:15807-09); Walker, C.E. 
(104:15968-70, 105:15978-81); Weedon, R. (75:11050- 
60) 

Templeton, C.H. (107: 16305-11) 

eo 



7 7 

—_ 
7) 

ra ho [<7 
paghie _ 

j 
“ ali ‘ud (as aoe 

; A ae a _ 

fey ia fo sie 

bh eee care Prt 

oe 4 s ete: A : ia aucune 

, : ee hag aber! : 

+2.% ot. +4 
‘ rs wo 

af Veter “Pregaashes 
TSMUST SE 323). ge al jae sis ares 
cathe ghee ~~ 

ye» wesa +t . atte ie i 

me A Ps 

| ‘ul lofted Gertsrigh ec 

228 20a) Wee) .tootionnam <fmna) 
~~ wageount +3 
aig Bey er 3 ~3iat 

_heE eon ade 
aie ave” .WE-Sea0 sae ane 

3 (2C-EG00r 26a ; 
has Peds i) 

(€av=r8ages feet § 

fa-zagar ‘vemneualan 
W ,xotzet zlao-eecur story. b 3 tEV8 Fo ie on 

‘(ae-cast?r ,se-Tarrtsat- Rise: Orrséy. pBe-Tratsaey Pan: 
2.5 <sedfed |: . si FOP) eM 6 gle 8 tw : 

~O200 f228T) afi I “HET ir. “BOCcTsvOr) =e ae 7 

os 
‘ # 
cE~gee 
>< 

-= 

ott: ia 

peg 



2. 

Pipeline and Facilities 
Roads, Airstrips, Helipads 

Comme C. Evans, D. (191:229809-71); Hagglund, M. (191:29735- 
808); Hawryszko, J. (191:29809-71) ; One Ure2, eb, 
(70: 10540-56) ; Mossop, D.H. (1383213012=14, -2021- 
24); Prefontaine, E. (191:19809-871) 

Exh bit 493: CAGPL. 1976. Plan refinements 

CAGPL Application (as amended to 8 March 1976) 
Bobs lvd, 805.165 

Reports 

Dryden, R.I., and J.N. Stein 
19:75 Guidelines for the protection of the fish resources 

of the Northwest Territories during highway 
construction and operation; DOE, Fisheries and 
Marine Service, Tech. Rept. CEN/T-75-1 (Exhibit 
376) 

Poston, He 

19:73 Waterfowl populations observed along the proposed 
gas pipeline route, Richards Island to NWT-Alberta 
border; CWS. 437; asa 
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Pipeline and Facilities 

COMPRESSOR STATION NOISE 

GENERAL RECOMMENDATION 

The Company shall take all possible measures consistent with 
reasonable technical and economic constraints to minimize the 
noise of operating compressor stations. 

DISCUSSION 

Background noise at compressor stations under the Applicants! 
fFroposals will be so intense that personnel inside the buildings 
will require ear muffs or earplugs while, outside at the 
fenceline, the noise level will still be in the 60-68 dBA range. 
This noise could range from annoying to harmful for unprotected 
personnel or those working outside the buildings, could certainly 
be annoying to local people at some locations where their 
activities bring them near stations, and finally may be 
disturbing to ammmals and birds as to prevent their use of an 
aréa ‘around . station. . 

Proposed compressor station noise levels will mask or intrude 
upon background noise over substantial areas since the sound 
level to which noise must be reduced before it is muffled by 
background noise is 15dBA less than the background sound level of 
the setting (Dailey and Redman, 1975 p16). 

Assuming a reading of 53dBA 1000 feet from the compressor station 
fence line (CAGPL, Response to NEB Deficiency Letter No.4, Qu. 
13) then at 16,000 feet or 3 miles the noise has only attenuated 
by the law of inverse square to 294BA and to 23dBA at 6 miles. 

in a treeless tundra environment, at least in winter, one might 
expect natural attenuation and background noise to be less than 
30 dBA found in an, alpine meadow with scattered tall conifers 
(Dailey and Redman, 1975)... However, assuming a Mackenzie Valley- 
North Slope background noise level under low wind (not calm) 
conditions as 30 and 35dBA for open and forested landscapes 
respectively, compressor station noise could be intrusive down to 
15 and 20dBA levels, that is at distances of up to 10 miles. 
Topographic, terrain, vegetative and meteorological conditions 
may of course diminish or increase to the attenuation which 
otherwise is basically a reduction of 6dBA for each doubling of 
distance from a point source. 
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Pipeline and Facilities 
Compressor Station Noise 

Arctic Gas has presented a range of noise levels for existing or available equipment with conventional Silencing and said that, 
".eein sensitive areas, additional noise reduction measures 
according to the best feasible technology will be used...." 
(14,.d.N 2.2.4). Foothills has made a similar Statement (Beer 
63:9006). 

This wording is implicit recognition that noise attenuation 
beyond "conventional Silencing" is expected at least in some 
places. Furthermore Koskimaki indicated (31:3935) that equipment 
suppliers furnish the sound power (noise) levels available from 
different degrees of silencing and then the Company selects the 
level according to the situation at the proposed station. This 
makes it unclear just what degree of Silencing is "conventional", 
The Tables in the Canadian Arctic Gas Application and in the 
reply to the NEB Deficiency Letter refer +o "conventional 
Silencing", but obviously if "conventional" means "off-the-shelf" 
equipment then Koskimaki's evidence indicates there is a choice 
on the shelf. He goes on to say (31:3936-37) that noise levels 
are calculated for "normal silencing" and for "maximum Silencing" 
techniques that could be available. He says that the latter 
could reduce fence line levels from 59-67 to around 50 or 53 GBA. 

RECOMMENDATIONS: THE COMPANY 

1. Normal operating noise levels 1,500 feet from the centre of 
the compressor station shall not exceed 50 dBA under calm 
conditions at all seasons of the year. . 

Comment: Dr. Gunn, Ornithological Consultant to Arctic Gas, has 
recommended that the average sound level be limited to 50 dBA at 
1,000 feet from the compressor station. Arctic Gas has 
calculated noise levels of 50-56 dBA 1,000 feet from the fence 
dine for 30,000 and 55,000 HP stations with refrigeration (CAGPL, 
Response to NEB Deficiency Letter No. 4, Qu..13). Furthermore, 
as noted in the Discussion, Koskimaki says that by going from 
conventional to maximum silencing techniques, reduction at the 
compressor station fence line from 59-67 to "around 50 or 53" is 
possible (31:3936-37). 
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Pipeline and Facilities 
Compressor Station Noise 

It seems that 50 dBA at 1,500 feet from the station centre, which 
Should be somewhat more than 1,000 feet from <+he fence line, is a 
reasonable requirement for the average station and is, by 
admission of the Applicant's own witnesses, an attainable 
objective with near conventional equipment. 

The centre of the compressor station means the geographic centre 
of the compressor station pad at the time of construction. This 
choice avoids the problems inherent in uSing as a base, a fence 
dine which may not be permanent and which is unlikely to be 
equidistant on all four sides from the first or subsequent 
compressor installations. . 

Noise levels shall be measured 1,500 feet from the centre of the 
compressor station on north, south, east and west lines or at 
appropriate points 1,500 feet from the centre as prescribed by 
the Agency. 

2) Achievable noise levels will vary from one station site to 
another depending on topography and vegetative cover, but 
Shall in no case exceed those prescribed in recommendation 1. 

3. . The Company shall comply with higher standards of operating 
compressor station noise attenuation in those sensitive areas 
such as the Delta or North Slope as may be required and 
specified by the Agency. . 

4, . The Company shall monitor the noise level of each compressor 
station as prescribed by the Agency and report the results to 
the Agency within six months of startup of each station. 

5. The Company shall make a detailed survey of each compressor 
station location and shall submit its survey results, noise 
attenuation rationale, and compressor station equipment 
Specifications to the Agency for review and approval in the 
final design. 

RECOMMENDATION: THE GOVERNMENT 

6. The Government should identify those areas in which 
compressor station noise attenuation measures above and 
beyond conventional, may be necessary to protect populations 
of wildlife or birds. . 
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Pipeline and Facilities 
Compressor Station Noise 

SOURCES OF INFORMATION 

1. 

26 

3. 

Transcirpts, Exhibits, Basic Documents 

CAGPL Koskimaki, C.M. (31:3935-3937) 

Foothills Beer, P.A. . (63:9006) 

CAGPL Application 8.b.1.4.3 

Reports 

National Energy Board. 
1976 CAGPL response to question 13, Deficiency Letter 

No. 4, = 

Dailey, T. and D. Redman 
1975 Guidelines for roadless area campsite spacing to 

minimize impact of human-related noises; USDA 
Forest Service General Technical Report PNW-35. 
Pacific Northwest Forest and Range Experiment 
Station, Portland, Oregon. 

Personal Communication 

Noise and Vibration Section, National Research 
Council, Ottawa. 
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Pipeline and Facilities 

BLOWDOWN NOISE 

GENERAL RECOMMENCATIONS 

The Company shall attenuate the noise of compressor station 
Maintenance blowdowns and similar pipeline noises so as to 
minimize disturbance to people and wildlife, 

DISCUSSION 

Pipeline blowdowns are conducted under emergency conditions and 
as normal maintenance operations. Emergency situations make 
attenuation measures difficult or impossible and are not dealt 
with in these recommendations. Normal pre-operational and 
maintenance operations require that certain piping associated 
with ccmpressor stations, scraper traps and dual river crossing 
sites must on occasion be blown down to lower than existing 
pressures, in many cases to atmospheric pressure. These 
procedures normally create very loud noises lasting several 
minutes. The first 10 seconds or so can range as high as 140 dBA 
or the threshold of pain (Lancee p.31). Mirosh (63:9105) saida 
maintenance blowdown can be kept to the level of a whisper, while 
Beer (63:9106) said it can be controlled so that it is no louder 
than a normal cperating station. 

Also, before operation of a pipeline, the air in the pipe must be 
expelled (purged) by incoming gas pushing a rubber sphere along 
the pipe. This operation creates a lower volume, but similar 
noise. 

Wildlife and people could be disturbed by the sudden very loud 
sound of purging and blowdown. Habituation is not possible since 
there is no short interval regularity or periodicity to these 
activities. 

Wildlife would exhibit fright-flight reactions at each occurrence 
and might ultimately desert the area permanently. For people it 
could ke an intolerable startling intrusion producing a 
widespread change in body activity and perhaps impairment of 
hearing (Lancee, p.22).. 
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Pipeline and Facilities 
Blowdown Noise 

RECOMMENDATIONS 

1. The Company shall attenuate maintenance blowdown noise at 
each station by appropriate choice of vent line diameter, 
biow off tanks and duration of Operation or other appropriate 
means so that the blowdown noise at the location used for 
measurement of background station noise is not greater than 
the allcwable operating noise level of the particular station 
at that location. 

2. The Company shall not purge the pipeline without warning 
residents who may be within rangeand shall not purge the 
pipeline when concentrations of wildlife or waterfowl are in 
the vicinity that could be unduly disturbed (see sections on 
birds and mammals), or shall sustain the dura tion of the 
purging so that the noise level does not exceed 50 ABA 1,000 
feet from the site of operations (see also Recommendations 
under "Blasting"). 

3. In those locations where blowdown noise attenuation devices 
are lacking but blcwdown procedures must be used to expel 
liguids or foreign material from the pipe concentration of 
wildlife or waterfowl are in the vicinity that could be 
adversely affected (see also sections under "Wildlife 
Protection"). 

SOURCES OF INFORMATICN 

ie) LLSNSCricts, Exhibits, Basic Documents 

CAGPL Burd, L..G. (42-5432-37) 

Foothills Panel on Compressor Station Design (63:9104-08) 

2. Reports 

Lancee, B.W. 

1970 Noise abatement at compressor stations; Paper 

presented at National Technical Conference of the 
Canadian Gas Association. 
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CONSTRUCTION SERVICES AND ACTIVITIES 
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Construction Services and Activities 

BORROW OPERATIONS 

GENERAL RECOMMENCATIONS 

The Company shall select, open, develop, operate, close and 
restore all pits and quarries in such a manner as to minimize 
disturbances to land and the environment and minimize the amount 
of land used and materials extracted. 

The Company shall provide detailed technical and environmental 
information about each preferred borrow site and about possible 
alternate sites, with the proper environmental impact, advantages 
and disadvantages of each. 

The Company shall develop detailed plans, covering all aspects of 
selection, access, development, Closure, restoration and 
abandonment of each pit or quarry proposed to be used... The 
individual plans shall be submitted to the Agency for 
approbation. No work shall commence in the absence of such 
approbation. 

If any pits or quarries are proposed for development jointly by 
the Company and any other party, the conditions recommended in 
this submission shall apply. . 

For all gravel removal schemes in river channels or flood plains, 
the Company shall ensure that fish resources are protected both 
during and after the gravel operation. This will require that 
each potential site be assessed as to its fish resource use 
before operations start and that close control of the Operations 
be maintained during removal and rehabilitation of the site after 
use. 

AS part of final design and before the granting of site-specific 
approvals, the Company shall develop an Overall Plan for the 
extraction of borrow, listing all the sources proposed to be 
used, the quantities and grades that will be taken from each 
source, the time of year that the sites will be worked, the 
purpose, timing and point of use of the materials and the 
competing requirements for borrow materials in the project area. 

DISCUSSION 

The development and operation of a borrow pit or quarry causes 
disturbance to land and to the landscape. It also has a 
potential for severe impact on waterbodies, aquatic organisms, 
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Construction Services and Activities 
Borrow Operations 

mammals and birds. The disturbance of landscape is manifest by 
the loss of visual amenity resulting from unsightly pits and 
unnaturally exposed rock faces, often of considerable extent. The operations themselves can be noisy, and can involve the 
production of considerable quantities of dirty water, 
particularly if processing operations such as crushing, screening Or washing are involved, . Quarry operations also necessitate 
drilling and blasting; these activities may be necessary if pits 
are excavated into frozen soils. In permafrost areas, borrow 
extractions can result in continual thawing of ground ice, 
possibly leading to soil erosion, destruction of vegetation, soil 
slumping, land subsidence and the deposition of sediment on land 
or its discharge into waterbodies. 

The large number of pits proposed by the Applicants will cause 
considerable impact. Canadian Arctic Gas proposes to develop 
about 126 pits while Foothills proposes about 80 pits for the 
main line, with a further 18 for the Great Slave Lake community 
service lines. The various land and environmental impacts cannot 
be eliminated, if the Project is to go ahead. Hence, the 
objective of terms and conditions must be to reduce the range and 
intensity of impacts to a level where protection is considered to 
be adequate. This will involve control, on a site-by-site basis, 
of location, timing and rehabilitation. . 

Impacts of borrow operations are site Specific; that is, they are 
a function of the local terrain and biota.. Thus, terms or 
conditions for borrow operations should likewise be Site-specific 
and designed to meet particular concerns about individual pits 
and their operation... Unfortunately, this kind of Site-specific 
recommendation can not be made at this time because the 
Applicants have not finalized individual pit lecations or the 
plans for their development. Hence, such specific 
recommendations must be left to those who will be charged with 
review cf final design. The recommendations below provide advice 
to those charged with developing and reviewing such plans. . 
Detailed, site-specific development plans coupled with careful 
Site selection and conscientious restoration can go a long way 
toward alleviating most of the problems. 

There are no fundamental differences between the proposals of the 
two Applicants for selection, operation and rehabilitation of 
borrow pits. Potential impact of borrow Operations for 
construction of the Foothills mainline (excluding the 
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Construction Services and Activities 
Borrow Operations 

northernmost 50 miles) does not appear to differ appreciably from 
that related to the Arctic Gas mainline, despite the somewhat 
Smaller overall borrow requirement of the Foothills project. 
Borrow sites required for the Prudhoe Bay line gave rise to 
concerns for fish, mammals and birds that are greater than those 
encountered in the Mackenzie Valley. Concerns for the 
substantial borrow extraction required for the Arctic Gas cross- 
delta line are rather less than those arising from the proposed 
fall construction of the northern part of the Foothills mainline. 
Information on the borrow operations for the Foothills Great 
Slave Lake community service lateral is not yet available. 

The operational proposals contained in the Canadian Arctic Gas 
Responses Volume (Appendix A) and, for Foothills, ina report by 
Loram International Ltd. (1976) are generally acceptable. Some 
additional restrictions are proposed, however, to improve the 
level of envircnmental protection. 

Special concerns arise over the proposals by both Applicants to 
extract gravel from the channel zones of some streams and rivers. 
From the construction point of view, the most desirable granular 
borrow materials are fluvial gravels, (gravels transported and 
deposited by flowing water). The majority of fluvial gravel 
deposits that the Applicants propose to work are not closely 
associated with present day rivers; they are either glacio- 
fluvial (deposited by proglacial or interglacial streams at the 
end of the last ice age) or terrace gravels, deposited at a time 
when the present stream was flowing at a higher level, a level 
that is now abandoned as the stream has deepened its valley. 
There are, however, certain economic advantages to extracting 
gravels from the channel zone of present-day rivers: such gravel 
tends to be unfrozen and can therefore be mined easily and the 
pits do not need much treatment after the mining is completed 
because they can obviously not be revegetated and the river will 
re-shape the pit floor in due course. Consequently only 
levelling is proposed. This, and the lack of other gravel 
sources along certain parts of the proposed pipeline route, are 
the main reasons why a certain amount of gravel extraction on 
flood plains and in channel zones is being proposed by both 
Applicants. Since gravel is important for fish spawning, nursery 
and food production, there cculd be conflicts between the 
requirements of the project and of fish in areas where gravel is 
in short supply. The potential impact of gravel removal on the 
fish resource is by reduction and siltation of habitat or by the 
trapping of fish in uncontovred pits left by the operation. From 



7 i 

Sant a =e) 
~ ar ” ne pets 

tam. ay vu & 

, . aobe viet 
‘ somksaxaqo 

. “eth a i Peo a ; 

’ ' : r ' 

word : yiaitines (saaliren teas 
ery renee) Serer feeb ysatlie + ce. 

ef —serox abi thgoGe< “ds reer ng 
1 ieay OF Sais O7Sp oni sec ab 

2ond nedt wether sue + . 
baa Sars | at Te erst: tO e mssag ry i 2 v 

- 620TO, wed! SttorA eds 202 ee pez 
 Pesoge “4 6h? moss patss iz2 "baod?- 

~ondintes sii tdtoct siz 36 SEG Ble = Poa Per So a aod 
fee afliitioot at3 202 Serene word .& 

“Sibi hers Soy som al a sokv=ee | as 

cP SktotA oatbens> sdf ot boat tes race: ktsncgosy poe aes 
i Sxeqec = at ,élitdicot rok (iS tA Kiba sgh) emt oe oa 
Putts aldsiqeoos (Liaxsasp Ti favely. .O32. isnotass ach 

, ‘i? evovgnl ct .tevewod \hesogoxg sss enedioleteee ae 
. eftozs TO8s63q tasasatn’ vag Bo £ 

~ 7 we 7 

oF esneoiines: dtod.<+d sLeaogety eds. ston wre, ‘eer = vie £ be 
<2pwis fins smscrse emee to eecos iesteds ed? pat vs. 
‘sisas7 elidssiesb taon ort weky' 2p sake: no. 35 

5 horodenasis: elevese) :efovet: larewr?: ots 
. Migvese  Eeive ts G a iaobs d | Sas Ae > 

T wie Ta >= Lit os We Sogn i ¢ Liga’ eao2 2ear SF seo 

» foe Sele rscdsise eye geas es? tevez ysb ne 

ot? $8 smeorts Isivafinvesat..se Deieaiperw: gerd 
emir & 38 Betiecqs) ,eiivaxzp s9ea78> 20: Ad of 

fever £ Tevet tedpid #s fa paiwolt aa 4 a8d ion Be 
weilev asi baseares tad mows. ott: 26 pte 

Wr lrSetsxe .O2- BSHi TADS PimonO0s | nbs sseo" ss vsv re 

[eveto dove sezevizw ebetne2 ‘ex’ 20. enon Isprsis oan 
siz bas yviiess bopim Sd snoteted? map: tae 
dedsiqmo> et Psindn edd teks: tribinds a8 ous 

ifiw tevin edt Bas bedssepevet sd fom yier 
leo ylnasepseiog) .S9emes S-sub ae 

LOvVs'<r xedto to Nosl si? bns-,et 

exs ,stvon entisaie Sexounza. ods 35° ‘egzsa 
1o (MlsoeReze Levegp 20, 

. dtodd’ yd beaoqorg: anied ek “as 
Y=S¢ilog »Qiirw EGS ge BS. : =o Fb 

edz soswred peste: sided ec. 
‘i levexzp Sieiw aseze gb dedi 
sa? mm Le wome = isv8z "tog 

sie wd +6 aaridesd Io, 
mort .noLsenego Sao yd 

Ss u 

, 4 



Construction Services and Activities 
Borrow Operations 

a fish and fisheries viewpoint, watercourses are not a preferred 
source of gravel. However it is recognized that for development Ox aesthetic reasons, this may be the best overall Option in some 
areas, 

Tbe difference between borrow pits in the channel zone and on 
flood plains is that the river is allowed to flow through the 
channel zone excavation after work is completed whereas it is to 
be prevented from entering or flowing through flood plain 
excavations on a permanent basis. (Note that the terms "channel 
zone" and "flood plain" are used here as defined in "Crossings: 
Definitions"). 

If the pit area in a channel zone is not clearly separated from 
flowing water with dikes, e.g. if extraction is carried out under 
flowing water or if drainage water from the pit re-enters the 
stream without passing through adequate settling ponds, 
considerable silt loads can be imposed on the river during borrow 
Operations. This is an effect that can, at the worst, last only 
a little longer than the borrow activity but, if this period 
happens to be critical for fish or if the silt settles in areas 
used aS Spawning beds, there would be considerable and permanent 
damage. therwise it may be temporary and inconsequential. 

Fuel or oil spills from equipment working in flowing water is 
also a possibility that has to be kept in mind. 

River gravels are very permeable so that it is difficult to keep 
large, deep excavations in river beds dry. Vast amounts of 
seepage water (probably silty and oily from flowing through the 
excavation) would have to be pumped. This is not being proposed, 
the plan being rather to excavate shallow deposits over large 
areas, with the bottom of the excavation not much below nearby 
stream water levels. Deep excavations also could develop into 
fish traps. Arctic grayling are readily trapped by pools that 
dry up or lose their connection with the main channel on a 
falling stage of the river. . 

The most suitable conditions for borrow operations in channels 
occur when the flows are low, when no important fish Spawning or 
migrating activities are underway in the river reach affected by 
the excavation, and when the gravels are unfrozen. Such periods 
are rather short (no more than three months in late summer and 
fall) so that a great burst of activity will be needed, with all 

a 
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Construction Services and Activities 
Borrow Operations 

the prcblems that this entails. There is little flexibility; 
extraction cannot be carried out at other times. 

Since most other pipeline and facility construction activities 
along the Yuken North Slope will be concentrated in winter, when 
Canadian Arctic Gas expects to utilize a System of snow roads, 
the question arises as to how gravel mining equipment is to be 
taken to North Slope rivers. Canadian Arctic Gas indicated that 
snow roads will be built specifically for this purpose one year 
ahead of the main construction season. 

After the gravel mining operation has been completed the river 
May probably be allowed to flow through the excavated areas and 
at this time, if not before, a considerable Slug of additional 
silt may be picked up. If this occurs during a significant 
flood, when the natural silt load is large, it may be 
inconsequential. Other pollutants left behind in the pit areas 
may also be picked up at that time. Keeping the river 
permanently out of pits within the channel zone would require 
extensive river training works and continuous maintenance, 
Generally this is not feasible, 

The effects of removing significant quantities of river bed 
material from a river channel depend on the rate at which these 
materials are normally being transported by the river. In very 
active channels carrying large quantities of gravel the effects 
of mining may be relatively short-lived (a few years) and may 
remain restricted to the pit area. Compared to all other 
possible borrow sites, river channel zones of this type have the 
advantage that the landscape is not permanently scarred. 

The effects of gravel extraction are likely to be much more 
severe, and to last much longer in inactive channels, carrying 
little gravel. A fairly general lowering of the channel bed over 
a considerable distance above and below the actual pit site’ could 
result -- an effect that may or may not be significant depending 
on factors such as the extent of the flood plain and the bank 
Stability of the channel. . 

Flood-plain pits unlike channel zone pits are meant to remain 
permanently separated from the river but will generally contain 
water for at least part of the year. Some will be artificial 
lakes, possibly offering some opportunities for environmental 
enhancement. If some of the shoreline falls into ice-rich 
material there will be shoreline stability problems due to lake 
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Construction Services and Activities 
Borrow Operations 

water melting permafrost. Revegetation of the pit floor Wie general, not be possible and most flood plain pits will be eye- sores for a long period. 

Depending on the location of flood plain pits, there is the 
danger that the river could, in the course of a large flood, change its course and flow through the pit, if this produced a more direct route down the valley. Buffer zones and permanent dikes are proposed to prevent this. The flood plains along 
northern rivers tend to be biologically more productive than the Surrounding tundra or boreal forest and since the vegetation 
Cannot be restored after borrow extraction, some productive 
terrain will certainly be lost. 

Borrow extraction in general gives rise to many serious concerns, but the specific concerns associated with gravel extraction on 
flood plains and in channel zones are somewhat less prominent 
mainly because the number of such pits proposed is relatively 
small. The main exception to the above occurs along the Yukon 
North Slope, where the major part of the gravel requirements is 
to be met from channel zones, Along the alternative Interior 
route there are three channel zone pits and at least one flocd 
plain pit proposed, cut of a total of 19 pits. 

Along the routes from the Mackenzie Delta to Alberta there are 
Significant differences between Canadian Arctic Gas and 
Foothills. Arctic Gas does not propose to mine any channel zones 
along that route but there are a few flood plain pits.. There is 
a firm commitment not to use gravel bars in the Mackenzie River 
and gravel spits along the Beaufort Sea coast (see "Birds"), 

Foothills claims that it would not disturb the stream beds of 
smaller rivers and streams to remove gravel and when pressed to 
define such rivers, goes as far as stating that the Willowlake 
River would not be one of them (the implication being that it 
might remove gravel from such a river). Foothills is also 
considering using gravel from at the mouths of certain 
tributaries to the Mackenzie (whether above or below water is not 
Stated) and permanently submerged bed material of the Mackenzie 
River itself. The fcrmer needs to be rejected because mcst river 
junctions along the Mackenzie River are Significant areas for 
biological, social and archaeological reasons. The latter may 
have some merit since there has been considerable dredging in the 
Mackenzie River in the past which has apparently caused no 
damage. 

a 



' vhoos? ‘eptat 6 Jo" > ad3 
s\ baoaboxy elds Sh, og sas dpc: 
gnenseseq Das Secs | aye. 

5 ook agian Sasa eal 
ais Keds svisoncborg @rom yhise cole. 

: (otvefensr edt sonte bas te : 
2 Ve FUe at sme. (wo loewxe vprred wet 

7 eta 7 ea : | 

venasotgo taotxee yosm oF seit eovip: a 2 14 nolsosisxs * 
40 Gio? saisxe fever deat tat siDoeae. foo oftiosge’ sit 
8 wong atel tedwange 95n Sone 
‘tevisetes at hewoquim erty dope sors 

novus et? gavis emoed evade eis °o2- 
tk “Spanerxteps2 Lorarse ots pile cr 

olyetnt weiteiresia eat eds woz yea" 
Soars wio 22052: 38 bre evig pad | apes 2 sets 97s eed 3 

3 oo | at | PL ac iia | eae jbeacgong thy 

zu meme ta ¥ cea ps 

g ‘xe >» . 

7 os = : Syaled , Fy 
oxy, sens’ = oy s Sie 

tins &fo ‘- pikagertin aarti 
— mh , ~ = eA eee 

sons Lemiad> yaa opie a ; aon 8 + eee obFORA * 9 
eit ssadT ‘eelq mtale Beet. Be is syd sabes Z 
ww Li etsatiosM of¢ NE sexed. Lavexp eap ton taems famod 

', (@abrie’ Seay se603, 58E Pao Zn ont PROve soige§ isy 
nei, oe wo Pre) 

to efed misezte aa2 cei aoe I eS | Sa een ee 
od Béeaorg aodw bem fove =e rte She Sysv 
stelwollin-sdt sane Ift 6S R@Op ,STSvis Coe 
+) ssdt enisd pars Acris ‘ asdy To'eno ed- po PL 

otis ef eli bdtsoos sts , inve 4 =a 
aist199 Jo. edtoc 

jou #k xetew woled 3 evods, spt Mpls magico At OF, 
_ sisnedos6mM adt Xo. ferrasam bac pramica ¥lpasnentredcuee 
tavix sau ‘e¢ossed 56 ¢ mr 19ST LeMsS It ent -'.t 

<o2 aaa #oeok2 tapes  tevil Sins < | 



Construction Services and Activities 
Borrow Operations 

Finally, there is one activity over which there is some concern, 
and which is closely tied in to borrow extraction. This is the production of concrete for the pipeline project. Concrete will 
be needed for the foundations for heavy stationary machinery at the compressor sites, for building foundations in some areas and 
related jobs. It will also Le required for buoyancy control 
along tbe pipeline in the form of concrete weights, or as a 
continuous concrete jacket for some river crossings. . 

Canadian Arctic Gas expects to use 115,000 concrete weights, of 
five tons each, in the Northwest and Yukon Territories. 
Foothills was not able to give a similar estimate of the number 
of weights it expects to use. These weights will be cast in the 
field using lccal aggregate and imported cement. The weight- 
casting may be done in summer and couid be done at the aggregate 
source, the point of use, at a compressor station or other gravel 
pad. 

The potential impacts and concerns of this activity include the 
unnecessary consumption of high grade aggregate, water 
consumption, the muddying of waterbodies by gravel processing or 
concrete washing, increased land use for weight casting and 
storage areas and water pollution by spills of cement or lime. 

The Department of Indian Affairs and Northern Development is 
presently developing Regulations under the Territorial Lands Act 
to govern the opening and operation of pits and quarries in the 
Northwest and Yukon Territories. These regulations are expected 
to provide for a system of licences or permits, rules for the 
conservation of materials, terms and conditions governing the 
actual operation, reclamations and abandonment of any site, 
security deposits, royalties, fees and other matters. The 
regulations will also include a schedule of permitted uses of 
materials, as a major part of the conservation program. 

As these regulations are still under development, the following 
recommendations have been written to ke comprehensive. In cases 
of conflict between these recommendations and the regulations as 
finally promulgated, the more conservative requirements should 
apply. 

The following recommendations have been divided into Overall 
Recommendations, which apply to all proposed pits and quarries; 
Borrow Pits in Flood Plains; Borrow Pits in River Channel Zones 
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Construction Services and Activities 
Borrow Operations 

(for definitions see "Crossings: Definitions") ; and Weight 
Casting. 

RECOMMENDATIONS 

1. 

4, 

= 

Overall Recommendations 

The Company shall make individual applications for permission 
to open and develor each borrow pit or quarry necessary for 
the construction of the pipeline and associated facilities. 

Each application shall be accompanied by a site plan, a 
mining or extraction plan and sufficient geotechnical and 
other information so as to clearly demonstrate the viability 
of the proposed development. In particular, the Company 
Shall carry out sufficient geotechnical investigations of all 
potential pit or quarry sites to ensure that no sites are 
opened that are subsequently found to contain unsuitable 
material or insufficient suitable material to justify the 
existence of the pit or quarry. 

Each application shall be accompanied by a description of one 
cr more possible alternative sites, with the probable 
environmental impacts of developing both the preferred and 
the alternative sites and a statement of the relative merits 
of the preferred and alternative sites. 

AS part of the approval process, the Agency shall either 
confirm the selection of the preferred Site, or direct that 
one of the alternate sites be developed, or that a 
combination of sites be used. No work, including preparatory 
activities, shall commence at any site in the absence of a 
specific statement of approval from the Agency. 

Borrow sites shall be selected, operated and restored in 
locations and in a manner that complies with the 
recommendations proposed for the protection of birds and 
mammals listed in "Wildlife Protection". | 

The site plans and mining plans shall provide the following 
information: 

a) details of the borrow "source" area, thickness, 
quantity, grade, test pit and bore hole data; 
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b) 

Cc) 

d) 

e) 

f) 

g) 

h) 

i) 

Construction Services and Activities 
Borrow Operations 

the placement of the pit and its boundaries in the 
Source area, with estimates of the quantities and grades 
proposed to be used and remaining; 

the occurrence of permafrost, ground ice and ground 
water and the location of the water table: 

details of the machinery proposed to be used, the timing 
of the varicus operations and the details of any 
processing operations that may be used; 

details of the access to the pit initially, and from the 
pit to the point of use of the material; 

plans for drainage, erosion and sediment control during 
Operations; 

the final farm of the pit or quarry, with details of the 
restoration proposals, including spoil disposal, 
drainage and revegetation; 

an environmental impact statement; and 

_ any other informaticn required by the Agency or by the 
Administrator of the Territorial Pits and Quarries 
Regulations. 

in selecting potential borrow sites, the Company shall 
observe the following restrictions: 

a) 

b) 

Cc) 

geotechnical investigations to locate potential borrow 
pits are to be done with drills, jack-hammers and 
backhoes; bulldozers, bucket-loaders and extensive 
excavation shall not be used; 

all test pits in areas that are not to be used for 
borrow extraction shall be backfilled and the location 
rehabilitated; 

deposits of high ice-content material, of material 
covered with high ice-content overburden or of borrow 
material overlying high ice-content silts and clays 
shall be used only if no other material is available; 
and 





8. 

Construction Services and Activities 
Borrow Operations 

= 

a) wherever possible existing borrow sites Shall be used in 
prefence to the opening of new sites, 

In developing borrow sites, the Company shall comply with the 
following: 

a) access roads shall be routed along existing roads, 
trails or cutlines wherever possible; 

b) new access roads shal1 be cut to a minimum width 
commensurate with safe operations; 

c) temporary access roads shall be constructed of packed 
snow or ice; for standards see "Snow Roads"; 

a) any pit designated for summer operations or for 
continued use during the operational phase of the 
pipeline shall be provided all-weather, gravel access 
road, with culverts; and 

e) “low-water crossings" shall not be permitted in any 
borrow pit or quarry access roads. 

in the operation of borrow sites, the Company shall comply 
with the operating principles as detailed in the "General 
Criteria For Gravel Borrow Pits in Upland Areas" and in the 
"General Criteria for Quarry Sites", Appendix A of the CAGPL 
Responses to PAAG, pp. 45-49 and 59-62 (CAGPL, 1974) and with 
the following: 

a) Buffer zones of not less than 300 feet shall be left 
between all waterbodies and the final limits of all pits 
and quarries. 

b) Buffer zones of not less than 100 feet shall be left 
between all public roads and the final limits of all 
pits and quarries. 

Cc) The processing of any material is to be done either in 
the borrow area or at the site of use of the material, 
and nowhere else. 

d) Noisy operations, such as blasting or crushing, shall be 
undertaken in a manner and at times acceptable to the 
Agency (see also "Blasting"). 

SN 
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13. 

Construction Services and Activities 
Borrow Operations 

In closed and abandoned borrow Sites, the Company shall comply with the "General Criteria" noted in Recommendation 9, and with the following: 

a) Closed pits shall not be left in a derelict state, but 
shall be stabilized and rehabilitated promptly. 

b) The rehabilitation of any pit or quarry shall not unduly hinder other parties from re-opening the sites for 
further use, some time in the future. 

Cc) Any part of a closed borrow pit or quarry where waste 
material other than spoil or slash has been buried shall 
be permanently marked (see also "Solid and Liguid 
Wastes: Construction/Industrial Activities"). 

Major changes in borrow pit or quarry locations, operating 
plans, quantities of material to be removed from any site, 
closure plans, or any other matter relating to the 
excavation, transport or placement of borrow material shali 
be submitted to the Agency for approbation. 

Any fuel oil or other toxic materials stored at or adjacent 
to borrow sites shall be placed in areas not subject to 
wetting by ponded surface waters, in areas where vehicles and 
work equipment cannot damage tanks, bladders or stockpiles of 
material, and in areas where spills of liquids will be 
naturally contained. In the absence of suitable material 
areas within the borrow sites, impervious berms shall be 
constructed (see also "Spill Prevention and Gontroi") . 

Because of the destructive nature of any borrow pit and 
quarry operations, special care shall be taken in carrying 
out archaeological surveys of such areas during their 
development. 

Borrow Pits in Floodplains 

14, 

De 

In the case of flood plain borrow sites, a buffer zone of 300 
feet of undisturbed flood plain terrain is to be left between 
the channel zone and any proposed flood plain borrow pit. 

Dikes and river training works are to be constructed to 
assure that the pit does not become connected with the river 

= i= 



i" 

(tar <3 eae cae veils yaad 
ul “9: noLts Sa samen s: ene ‘Reso * 

, * | in 
7 . ; th Z a4 

4 ek | \adate alk neegte & nt. 

re ae yh Di Saal ik bates $f. diy 
‘ - ay + : oe ae 

qiobes ‘soo Lisde yrteup t6 vig yas % no 
inh 7 xo? eatke ets PHLasgO-ee ‘e532 - nf eievingene roy = 

7 f= strsee anit aE eMibt sitbe: 198t, zetita: 
¥ : we « oe a3" 

simiw yitzsup zo tig wormed, Ber od a 2 ra 
“vd seed end deele zo Togs net 4odso Talness 

tr be BSloe oaks gee) Dake b Seite Sp 
in mm fob or haw , es —> (eoisivizod sakss tavbatss <e SSO TORIS: 8 Pann 

misvewego ,aaotssoel yareup Fo 2ky vorgod a2 io 

so! mor. Seyowes ed of fnizvetam 30 Se 
d+ ot prissiot westam =e ase" aS 
tem (ized Jo sneusoslico +6 Sxogenert "st 

5 . 203" 290K aes 
: "EF 

‘¢nescrbs Yo 76 Bexosze = ee ae aig ‘opne MF xadto 

oe Deo Eke a4 isda’ re 
~ _ ad aie < - ; “ A a}: 

B=: 3H ft be ‘is £ r2 Ww a FES 3 . e+ yaute tev OD x: 

. is oO Se, b a é ' 

ab 7 poe ore ’ ‘ >; Ti 

latze 2am afd: igche tm 26 sonmseda Srit tt bisat 
otf {fied? earzed avbivseqnat .petke wert and ed 

ssta0D bas aobsnsupzt \Lhge* onis. pty 
yin >, ey = 

bre tig woxxed yas 29 oxtvien artrnneten mersseeh 
ovivazes at cote ed fisas Lge per eial weet 

sted? pabasb. Saree ie zo baa 

a ¥. 

ai 4) 

OOF 36 SeOS 2 Yue & eagle ‘wo 
asswred oael pe otek lasses ae 

sia worzod : nisig beott & 
tl te! Y a aa 

o* berorzteand ef 
tev bx ods tite beroegy 

4 ne “7 
% 6 va 

sha 
Pane 

ee 



Construction Services and Activities 
Borrow Operations 

and to prevent the river from changing its course through the 
pit. The river training works are to be designed for the 
1-in-100 years flood condition. 

16. Future water levels in the abandoned pit are to be taken into 
account in planning the rehabilitation of the pit. 

Comment: Since flood plains are flooded occasionally (by 
definition) the floor of any flood plain excavation is likely to 
be flooded frequently or it may become permanently submerged. 
Revegetation needs to take proper account of this. 

Borrow Pits in River Channel Zones Sess sits in River Cnhannei zones 

17. The Company shall not open any borrow pits in river channel 
zones in the Northwest Territories. 

Comment: Only a few channel zone pits are being considered by the 
two Applicants and they conflict with the existing Fisheries 
Guidelines used in connection with construction of the Mackenzie 
Highway. In particular, channel zone pits in Willow and Trout 
River and Francis Creek would be unacceptable. 

18. Gravel is to be extracted from stream channel zones only 
under the following circumstances: 

a) the stream has to have a braided pattern as defined in 

b) the channel zone has to be at least three times as wide 
as the proposed mining operations, and any one pit 
cannot be longer than the average channel zone width in 
the reach covered by the pit; 

Cc) Successive pits in the same stream are to be separated 
by a distance equal to at least the channel zone width; 

a) no more than three pits are permitted in any one stream; 

e) gravel removal shall not occur within one mile of well 
defined fish spawning, overwintering or rearing areas; 

f) the total quantity cf gravel removed from any channel 
zone should not amount tc more than twenty times the 
estimated ncrmal annual gravel load of the stream 

- 12 - 
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Construction Services and Activities 
Borrow Operations 

Comment: One of the main factors in favour of Channel zone borrow pits is the gradual healing of the scars due to he river's ability to re-shape the channel zone. The specified limit on the Size cf pits and the required gravel supply from upstream assure that this does in fact occur over a reasonable period. There is no evidence on the length of time that should be specified. 

19. In addition to the application requirements for borrow pits 
iisted in recommendations 1-3 and 6, the application for a 
channel zone pit shall include the following items. 

a) Maps and cross sections showing stream channels, the 
channel zone and flood plains as previously defined, also the 
main features of the extraction scheme, €.g. windrows, dikes, 
stockpiles, 

fuel storage areas, camps, temporary stream crossings 
etc. b) Plans for getting machines to the Mining sites 

without damaging terrain. 

Cc) Conclusive biological evidence showing that the proposed 
scheme is not harmful to the fish resources of the 
river. 

a) A contingency plan for pollution accidents. 

e) An analysis of the hydrological regime of the stream 
giving the following general information: 

(i) probable distribution of flows during a normal 
year; 



5a) ° rr i" i" 

eins ie 
i 

7 t 
“ | : 

eet Ve 
Poe ae 'h 

So ae 
wal, ¢ 7 
“ls Meats 

ei ¢ ¥ 

¥. aakoNe"s
 <i 

ah * a ine:
 ~ at he 
Pout aw 7 P 

A Pal a 1 ih ‘ 7 Gav a ert a : 

Sie ln 
; co ree wept y award of 

ey a: . SBE 

aoe. eee ine og eo 
soe Ee n ; 

; aa 7 : : al Pr ans 
“51 or et (A : x Z 7 me, i | 

< vo Tyme be ‘4 ey de 
we 

‘ ' : ae a ve 7 

in ke OF oe i, 

: My Sy a ‘y : - _ 

er) et | a 

LELTS 
oo oe : 

sear a ee » 
: hi 

Hire ry in’ 7 a 

pee AE 
a bee 

ee ates iprw i nt we grt = 
: i ; 

ptericas ae mye gad Ae nO id : 

7% 

i 
“id 

; : _—— as 7 Ae - : a 7 ie i. . 

MASTIG Sle to quipes: hunt POLO. “a i ~ SsBY LANE - V - , 

aok a v d ; 2 ™ a it ie 7 

€ : be” 9 7 

5 " 4 

| avs 

2 Stig >! ~~ 
ont 



20. 

ite 

22. 

23. 

Construction Services and Activities 
Borrow Operations 

(ii) expected extreme high and low flows at roughly the 
0.04 level, for each month during which gravel 
extraction in the channel zone is contemplated; and 

(iii) an outline of the data and procedures used in 
obtaining the above, with comments on the 
reliability of results. . 

f) An analysis of the sediment transport regime of the 
Stream, including: graphs showing the dependence of 
sediment transport rates on water discharge, with 
comments on the reliability of the results; a comparison 
between the quantities of gravel to be removed and the 
average yearly gravel transport in the river, and notes 
On the natural rates of channel shifting. 

The layout of the extraction operations is to ke planned in 
such a manner that interference with the stream environment 
is minimized. All overburden, debris and brush shall be 
removed to a location above the maximum high water-wetted 
perimeter, Minor channels may be shifted in order to dike 
the perimeter of the mining operation; major re- 
channelization shall be avoided. Fish migration routes shall 
be left clear at all times, and natural drainage through the 
site shall be maintained. Whenever possible, gravel shall be 
removed from outside the normal high water-wetted perimeter 
of watercourses. 

The borrow operation is to be diked to assure that no surface 
flows can break into the mining area. The 1-in-25 years 
probability level applied to the period when the dikes will 
be in service is to be used in designing the dikes. 

Extraction shall not be carried out to a depth lower than the 
average channel floors in the vicinity of the operation. 

All borrow operations are to be carried out in dry pits under 
normal circumstances and under no circumstances is work to 
proceed in more than 2 feet of water. 

Comment: Working in water is not desirable because it reduces the 
chances of successfully cleaning up a pollution accident. River 
gravels are very permeable so that the silty (and possibly oily) 
water in the pit could easily contaminate groundwater or the 
nearby river. 
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Construction Services and Activities 
Borrow Operations 

24. After completion of the Operation and before the first Spring runoff, or if the water course enters into the site at any time and the site is unusable, the perimeter dikes and access ramps are to be removed and the area of Operation is to be left as a gently sloping plane surface with no depressions readibly accessible to re-occupation by stream channels, Any excavation shall be connected to the stream at its downstream end by a stable, sizeable outlet having the same lower 
elevation as the bottom of the excavation (to prevent the trapping of fish in low water periods). Stream channel banks 
are to be re-formed to their original shape and revegetated,. 

25. Borrow operations are to meet the same Suspended sediment 
Standards as any other pipeline-related activity (see 
"Suspended Sediment Standards"). 

26. Dredging for borrow in the Mackenzie River may be 
permissible, under the following conditions: 

a) detailed site - and time - specific applications are 
Submitted following the schedule proposed in 
Recommendation 19; 

b) the Company must demonstrate that the proposed activity 
will not interfere with shipping, fishing or other 
traditional human activities; 

) the Company must show that the proposed activity does 
not disturb any sensitive area and does not take place 
at a sensitive time for fish; 

d) disturbance of river bars and islands used by migrating 
waterfowl is prohibited (see "Birds"); and 

e) dredging at, in or near the mouths of Significant 
tributary rivers is prohibited. 

Weight Casting 

27. Concrete weights shall be made using the lowest grade of 
aggregate available that will produce concrete with the necessary 
properties, 

a ea oe 
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Construction Services and Activities 
Borrow Operations 

Water required fcr concrete production shall be withdrawn in 
accordance with the standards recommended in "Water Supply 
and Intakes", 

All wastewater, wash water and surface run-off from gravel 
processing, or weight casting Operations and areas shall meet 
the standards as set out in "Suspended Sediment Standards", 

Comment: Where runoff water has an unacceptable silt load, 
stilling ponds and sediment traps will be required. 

30. Every possible effort shall be made to avoid the Spilling of 
cement, lime or related industrial or manufactured material. 
Any Spills which do occur shall be cleaned up forthwith and 
the land rehabilitated or restored. Under no circumstances 
shall spills of cement, lime or related materials be 
permitted to enter any waterbody. 

SOURCES OF INFORMATION 

1. Iranscripts, Exhibits, Basic Documents 

CAGPL Clark, J.I. (81:212124-28); Dabbs, D.L. . (80311908- 
i765 584242070=135); “Harlan; REL? (79211680: 
80:211908-17; 83:12468-85; 85:12658-61)3 McCart, 
PeJe (72211706-08; 80:11896-98; 81:12114-33; 
83:12441-47, 12485-87; 92:14005-08); Minning, G. 
(78:11658-60; 79:11682-711, 11743-44; 80:11840-43, 
11873=89, 11892-96; 81:12070-135; 82:12203-04: 
84312581-83); Mollard, G. (17:1990); Physical 
Environment Panel (83:12439-509; 843 12396-98) ; 
Williams, G.L. (35:4619; 80:11898-905; 81:12065; 
83212396-98, 12434, 12493-95) 
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Borrow Operations 

CAGPL Application: Sections 13a6.4.3., LE ee oe ae 
13a.6.8. and 14.4d.N 
Responses: Question 39, 50, 51 and Appendix A 

FH Application: Section 3D-2.10 

Reports 

Canada. DOE. Fisheries and Marine Service. . 
ned Guidelines concerning applications to remove gravel 

from or adjacent to streams frequented DY “fash. 

Howard, C.D.D. 
1974 Mackenzie gas pipeline, Alaska to Alberta: Effects 

on the aquatic physical environment. Environment 
Protection Board, Vol. IV, pp. . 177-202. 

Kellerhals, R. et al. 
49-73 International commission on large dams (Madrid) : 

731-754 

19 76 ASCE Proceedings, Vol. 102 (HY7). 

Loram International Ltd. 
1976 Foothills Pipelines Ltd. granular material 

development for Kosten Engineering Ltd. (NEB 
Exhibit N-PD-493) 
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Construction Services and Activities 

ELASTING 

GENERAL RECOMMENCATION 

The company shall conduct all blasting in a manner that minimizes the disturbance to all aspects of the living environment. 

DISCUSSION 

Blasting is a necessary part of pipeline construction that is 
governed by standard engineering practices. Under most 
construction circumstances, these practices are sufficient to 
produce a safe, efficient explosion. However, the use of 
explosives for the pipeline project in the North will require 
additional precautionary measures to assure compliance with 
particular environmental and socio-economic constraints, . 

The main problem with blasting is its disturbance to fish and 
wildlife. -The ccncerns and recommendations for fish are dealt 
with in "Underwater Blasting", Many of the recommendations of 
that section are equally applicable to aquatic mammals like 
muskrat, beaver and whales. This section expands the subject to 
human and wildlife concerns in general. 

There will be substantial blasting activity. . Arctic Gas 
estimates that over 10,000 tons of explosives will be required 
for its project. Foothills has indicated that approximately half 
of its route will require some blasting. Blasting will occur in 
all seasons for a variety of pipeline activities including: river 
crossings, borrow material excavation and preparation, facilities 
construction, and right-of-way preparation. Whatever route is 
finally chosen it will pass through areas where blasting will 
have the potential for unacceptable disturbance, The variability 
of terrain conditions makes it certain that blasting will occur 
at unanticipated places at unforeseen times.. The danger of 
adverse impact will increase if pre-blasting were used as a 
method of increasing ditcher productivity. 

The major wildlife concerns with respect to blasting are 
primarily associated with disturbance to caribou, waterfowl, 
raptors and whales during sensitive periods or periods when they 
are concentrated in certain areas (see "Wildlife Protection"). 
The effect with respect to aquatic furbearers, and perhaps 
whales, may be more direct and lethal. Blasting is capable of 
destroying muskrat pushups, beaver lodges and dams. It can also 
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Blasting 

injure or kill these mammals if charges are set off close to 
their habitat.. As the native people rely on muskrat and beaver 
for fur trapping and to some extent for food, the concern is far 
greater than the risk to the animal population alone. 

Adverse effects cf blasting on wildlife can be minimized by 
scheduling when species are not in the area or by controlling the 
frequency and level of the blast. Whatever the method, the 
Company must regulate its activities to assure unacceptable 
impacts are avoided. Blasting may upset conditions for native 
peoples' traditional pursuits. The Inquiry has heard numerous 
complaints in the community hearings about the adverse effects of 
seismic operations. There is great aprehension that blasting 
associated with the pipeline will further "ruin" the land. The 
disruption of wildlife resources and the traditional pursuit of 
these resources by northern people must be kept to the very 
minimum. This will mean that the Company will have to be 
particularly cognizant of traditional pursuit areas and schedule 
its blasting activities accordingly. 

RECOMMENDATIONS: THE COMPANY 

1. The Company shall confine all blasting operations to areas 
sold, leased or otherwise appropriated to the Company for its 
use. 

2. The Company shall limit and otherwise appropriately control 
its blasting activities at times and in areas important for 
wildlife. In particular the Company shall ensure that the 
following species and their habitats are protected: 

(a) Raptors: blasting activity within the Raptor Protection 
zones during sensitive periods shall be prohibited 
except if specifically otherwise approved by the Agency 
(see "Rare and Endangered Species"), 

(b) Waterfowl: blasting activity in areas habituated by 
nesting, moulting, staging etc. waterfowl shall be 
severely constrained to limit the disturbance to the 
birds so that their normal activities are not 
interrupted in any way (see "Birds"). 
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Blasting 

(Cc) White Whales: blasting shall not occur within one mile 
of marine or estuarine waters when such waters are being 
utilized by aggregations of migrating, calving or post- 
Calving white (beluga) whales (see "Terrestrial and 
Aquatic Mammals"). 

(d) Caribou: blasting shall be prohibited in any location 
that might disturb or alarm migrating, calving, post 
calving or any aggregation of caribou (see “Terrestrial 
and Aquatic Mammals"), 

(e) Aquatic Furbearers: blasting in populated aquatic 
furbearer habitat should be avoided by utilizing all 
feasible alternatives. Where blasting must occur, the 
Company shall conduct its operation in a manner that 
assures the continued well-being of the furbearer 
population (see "Terrestrial and Aquatic Mammals"), 

In all locations where blasting is planned, the onus of proof 
that the operation will not cause short or long term harm for 
the fish and wildlife in the area, shall rest entirely with 
the Company. . 

The Company shall notify local people at least one month in 
advance of blasting operations in areas that are 
traditionally, currently or seasonally used by those people. 

Comment: The use of lands by northern people is extensive. These 
people should not have their activities interrupted, altered or 
precluded by blasting activities. The onus must be on the 
Company to develop a blasting schedule and a local communication 
program that will ameliorate this problem. 

RECOMMENDATIONS: THE GOVERNMENT 

5e Prior to approving construction activity in any area, the 
Agency should define the areas and probable times of 
sensitivity of wildlife and fish to blasting activity. 
During construction the actual locations and periods should 
be firmly established and updated blasting activity issued to 
the Company. 
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Construction Services and Activities 
Blasting 

The Agency should prohibit any blasting activity in areas 
utilized by native people for hunting, trapping or fishing 
until those people have been advised of the activity and 
given the opportunity to harvest any wildlife that would be 
adversely affected. . 

SOURCES OF INFORMATION 

Transcripts, Exhibits, Basic Documents 1. 

CAGPL 

FH 

Private 

CAGPL 

PAAG 

Reports 

Augatic 
1976 

Canada. 
1973a 

1973b 

Gunn, WeH. (89213423; 93-96); Panel (243 2829-35); 
Williams, G.L. (23:2754-58; 25:3049; 29: 3565-66; 
372:4735-36, 4755-58; 38:4877-86) 

Kosten, We (66:9755-63; 67:9900-01) 

Abel, C.. (C-16: 1553) 

Application: Section 6.3.6(5), 13a. and 14.d.N. 

Chap.9.4, p.303 

Environments Ltd. 
Compilation of recommendations to NES Ltd. and 
CAGSL. 

DOE sc siCcwS. 
Habitat Atlases, for the Environmental-Social 
Program 

An inventory of wildlife habitat of the Mackenzie 
Valley and the Northern Yukon; for the 
Environmental-Social Program. 

Environment Protection Board 
1974 Environmental impact assessment of the portion of 

the Mackenzie gas pipeline from Alaska to Alberta; 
Vol.eII, 24.4-24.6. 
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% Construction Services and Activities 

WASTEWATER AND SEWAGE: CAMPS AND FACILITI® PA CLL IES 

GENERAL RECOMMENDATION 

The Company shall eliminate the public heaith hazard and minimize 
the environmental degradation caused by wastewater and sewage 
emanating from construction camps and permanent pipeline 
facilities by the application of a site-specific, environmentally 
responsive wastewater management program utilizing practicable 
technology. . 

The Agency should ensure that the Site-specific wastewater 
management scheme proposed by the Company is tailored to the 
Capabilities of the receiving environment. The standards set by 
government should be cognizant of treatment costs and the overall 
environmental ramifications of such standards. . 

DISCUSSION 

The procedures used to eliminate the public health hazards 
associated with waste are well understood, nationally recognized 
and well documented in existing regulations and legislation. 
They require little amplification here except to note that recent 
studies confirm that indicator and pathogenic organisms have a 
longer survival period in the northern environment than in the 
south. The potential for health related problems is therefore 
greater. 

On the other hand, procedures to minimize the adverse effects of 
waste disposal on the receiving environment are not as well 
understood, are not nationally recognized and are not well 
documented in existing regulations and legislation. Various 
guidelines and "accepted procedures" do exist but these vary in 
themselves and are often not reflected in actual waste disposal 
practice. . 

Pe 

Many communities in the North have only the most rudimentary 
waste handling systems; outhouses, "honey buckets" and trucked 
pump-out Systems are the rule rather than the exception in native 
communities. The treatment of wastewater is virtually non- 
existent except in the larger white-dominated communities such as 
Pine Point, Hay River, Yellowknife and Inuvik. In this light, 
and considering the dumping of raw wastes from large urban areas 
in the South, one must seriously question the priority that 
should be given to the spending of large amounts of money on 

7 waste treatment for a relatively short term construction project 
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Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

in the North. Although this is not an example to be followed, 
this perspective should simply reaffirm the objectives of 
providing a wastewater management scheme that: 

(a) provides public health protection at any cost; and 

(b) results in an effluent discharge tailored to the natural 
characteristics of the receiving environment utili zing 
the best practicable methods of treatment 

The pipeline project in the North will result in an influx of 
thousands of people who will be spread over a vast area but who 
will be working in concentrated groups for relatively short 
periods. The potential for a substantial localized environmental 
shock is high -- particularly considering that most of the work 
will be done in winter when the potential adverse effects of 
waste on receiving waters are greatest. Therefore it is 
essential that the Company adopt wastewater management and 
treatment procedures at each location which will minimize the 
environmental impact of its presence. Also, the location of 
pipeline related facilities should be selected so that effluents 
generated at the sites will have the least effect on the 
surrounding environment. .~ 

Minimizing the environmental impact of waste disposal must be 
done by site-specific analysis of two factors: (1) the nature 
and volume of the waste produced, and (2) the nature and 
assimulative capability of the receiving environment. 
Construction camp effluent has been shown to be very 
concentrated. . It would be irresponsible to lay down blanket-type 
effluent standards that ignore the influent characteristics and 
the site-specific characteristics of the receiving environment. 
Therefore, current federal guidelines and the standards proposed 
by the pipeline companies will not be applicable in all cases. 
Each site must be evaluated on its own merits and effluent 
requirements established that consider the overall significance 
of what treatment facility would be required to achieve those 
standards... It may be that in certain cases, during some periods 
of the year, the receiving environment could accept without any 
marked change an effluent that had undergone only the most 
rudimentary treatment. . 

Both pipeline companies have approached the problem of wastewater 
and effluent disposal from the same perspective; indeed, they 
both used the same consultant... Essentially they say that the 
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Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

effluent from large camps will receive secondary treatment and 
effluent from smaller mobile camps will receive primary 
treatment... Little, if any, attention has been given to the 
nature of the receiving environment largely, perhaps, because the 
location of activities has not yet been finalized. . The 
impression given is that in final design site-specific 
investigation will lead to site-specific proposals... This is the 
correct approach but it must be clearly established by the 
imposition of specific recommendations. 

Finally, from the experience both in Alaska and Canada, it 
appears that the critical operating considerations will be: Dye 
well trained and conscientious Operator, and (2) a well designed 
treatment facility that will not be hydraulically or biologically 
overloaded. 

RECOMMENDATIONS: THE COMPANY 

Overall Plan 

1. Before final design and before any site-specific approvals 
are granted, the Company shall prepare an Overall Plan for 
the disposal of wastewater and sewage from all construction 
activities and all permanent pipeline facilities over the 
life of the project up to and including abandonment.. The 
Overall Plan shall be in graphic (map) form as far as 
possible, shall be presented by drainage basin or part 
thereof and shall be cognizant, by means of Overlays or 
graphic presentations on the same scale or notations on the 
same document, of the Overall Plans for "Water Supplies and 
Intakes", "Solid Wastes: Camps and Facilities", "Solid and 
Liquid Wastes: Construction/Industrial Activities", "Pipe 
Testing", “Snow Roads", "Spill Prevention and Control" etc. 

Comment: The Overall Plans will form the overview basis for 
assessing the related impacts of all activities associated with 
water use and disposal of wastes during construction, operation 
and abandonment of the project. . 

2. The Overall Plan shall specify: 

(a) the points of generation and disposal of waste; 
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(5) 

(Cc) 

(d) 

(e) 

(f) 

Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

the proposed methods of collection, storage, treatment 
and disposal of all waste; 

the anticipated volumes, chemical and biological 
characteristics, and periods of discharge of all waste; 

the general physical and biological characteristics and 
domestic and/or commercial utilization of the receiving 
environment; 

the source and disposal plan for any hazardous or toxic 
waste; and 

alternate sites and/or treatment methods that could be 
used if the proposed site or method is unacceptable to 
the Agency or if the proposed site has to be excluded 
for any reason during the life of the proposed activity. . 

Site-Specific Application - 

Ss A separate site-specific application must be filed with the 
Agency for each wastewater or sewage disposal discharge 
regardless of the quality, rate or duration of the discharge 
except a group application may be permitted where two or more 
disposal sites are in the same watershed, will be used during 
Overlapping periods and will result in similar treatment 
methods and effluent standards. . 

Each application to discharge wastewater or sewage shall be 
keyed to the Overall Plan.. 

Each application shall specify in detail: 

(a) 

(b) 

the normal and maximum population of the facility from 
which the waste will be generated; 

the complete design parameters for the proposed facility 
for disposition of waste including a documented estimate 
of the quantity of waste and its chemical, physical and 
biological characteristics; 





Gat! 

Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

(c) the design and operating considerations for handling 
upset conditions such as surge flows, hydraulic 
overloading, equipment failures, biological process 
collapse, etc.; and 

(d) the particular characteristics of the receiving = 
environment, including its utilization by wildlife, 
fish, hunters, trappers or any other people for 
recreational, professional or any other reason, that 
were used by the Company in assessing the degree of 
treatment required and acceptability of the particular 
discharge site.. 

(e) the proposed methods and times for monitoring of 
receiving waters. . 

In the application the Company shall demonstrate, by 
presenting operational data of that system operating in 
comparable environmental situations, that the preposed 
wastewater treatment facility will perform to the standards 
specified. . 

Applications that are approved shall be valid only for the 
quantities, qualities, locations and periods of discharge 
specified in the approved application.. If the forementioned 
are altered in any way that increase or relocate the impact 
of the discharge, the Company shall submit an amended 
application for approval before any such change occurs. . 

In all circumstances the burden of proof for demonstrating 
the effect of a discharge of any wastewater or sewage to the 
environment shall rest with the Company. .- 

Effluent Standards 

9. The degree of wastewater and sewage treatment shall be suited 
to the assimilative capability of the designated receiving 
environment. The Company shall demonstrate that the effluent 
in the quantities and treated qualities proposed will not 
endanger public health and that it can be sustained by the 
receiving environment without adverse alteration of any 
current use by people, fish, birds or mammals. (see 
Recommendations 46 and 47 below)... 
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Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

10..Unless otherwise approved by the Agency, the general effluent standard shall be as specified in section 4 of Environment Canada's "Guidelines for Effluent Quality and Wastewater 
Treatment at Federal Establishments" (1976). . Under no 
circumstances will percent reduction of BOD, suspended solids 
etc. be accepted as a standard for secondary treatment. . 

Comment: The concentrated nature of most waste from camps may 
make it difficult and costly to meet the DOE guidelines as noted. . They should be considered as general standards until site- 
Specific analyses by the Company or regional analysis by the 
government indicate the acceptability of less stringent 
Standards.. (Also note 38 below). In view of the volume of 
effluent, its quality and other developments in the area and the 
nature of the particular receiving environment more or less 
stringent effluent standards than those outlined may be 
specified. Irrespective of the treatment system, it may be 
necesSary to utilize Flow Management Resevoirs to prevent 
discharges during critical, low-dissolved oxygen, times of the 
year. . 

11..The minimum effluent standard for all locations shall be 
primary treatment.. The primary treatment shall separate the 
liquid and solid fractions of the influent and shall be free 
of debris, scum or other materials that produce colour, 
turbidity, taste or odour in concentrations which create a 
nuisance or adversely affect people, aquatic life or wildlife 
that utilize the receiving environment. . 

12. The discharge of an effluent without adequate disinfection 
shall be permitted only where it is proved beyond reasonable 
doubt that there is no threat to public health. 

Comment: To achieve "adequate" disinfection may often require a 
higher level of wastewater treatment than would be allowable by 
stream assimilative capacity criteria. . 

13. The use of chlorine as a disinfectant is discouraged but 
where it is to be used the Company shall demonstrate that the 
chlorinated effluent is not toxic to aquatic organisms. . 

14, .Effluent sampling and analytical procedures shall be in 
accordance with the latest edition of "Standard Methods for 
the Examination of Water and Wastewater" (American Public 
Health Association, et al.. 
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19. 

Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

-During construction, composite Samples of the effluent shall be obtained and analysed daily for COD and for 5 day BOD and 
suspended solids to ensure that the specified standards are 
not being violated.. Weekly Samples shall be assessed by an 
approved independent laboratory with the results incorporated 
into the plant records. . 

-During normal pipeline operations after construction, 
effluent samples and tests as noted above shall be taken 
weekly at all locations where there are staff on a permanent 
or temporary basis and tests by an independent laboratory 
Shall be done once every thirty days of cumulative occupancy 
by operating personnel. . 

The Company shall conduct additional effluent tests, such as 
fecal coliform, chlorine residual (where chlorine is used as 
a disinfectant in the effluent stream), nutrients, TOC, etc. 
as may be required by the Agency or to verify the impact on 
the receiving environment. . (See "Monitoring of Aquatic 
Environment") . 

Where an effluent stream is discharged directly or indirectly 
into an identifiable watercourse the Company shall sample the 
watercourse up- and downstream of the discharge point 
whenever effluent is being discharged. . The samples shall be 
taken at the same time as the effluent Samples and shall be 
analysed for BOD 5, suspended solids, total coliforms, 
chlorine residual and other parameters as may be required, 
The results shall be incorporated into the plant records. 
Sampling points shall be as outlined in Section on sediment 
Or as otherwise directed by the Agency. . 

-For both composite and grab samples, 80% of a statistically 
reliable number of samples (minimum 5 samples) in any 
consecutive 30-day period should not exceed the limits 
specified, nor should any single sample exceed 5 times the 
specified limit. If these specifications are not met, the 
treatment system shall be declared "deficient" and the 
Company shall immediately decrease the population of the camp 
or facility until the treated effluent complies with the 
specified standards and is reclassified as "sufficient" by 
the Agency. . 

i oy 
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Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

20. Adequate records and operational reports of the wastewater treatment operation shall be maintained on Site in a form approved by the Agency and shall indicate raw waste 
characteristics, waste volumes treated, chemicals used, Sludge volumes produced and their final deposition, effluent quality, maintenance done and receiving environment 
characteristics... During pipeline construction a copy of all records, duly certified by the operator and camp 
Superintendent shall be forwarded to the Agency at the end of each month. During operation the records shall be made 
available to the government upon request. . 

Receiving Environment 

Ze 

ele 

23. 

24, 

25. 

Treated effluent shall not be discharged directly into 
streams or lakes unless the Company demonstrates that 
disposal on land or into Swamps, bogs or fens is not viable. . 

‘Treated effluent disposal into swamps, bogs, fens etc. shall 
be preferred in those areas that have Sub-pools with flow 
throughout the year. . 

Unless otherwise demonstrated, the Swampland shall not be 
used for treated effluent disposal for more than 5 years and 
Shall be of sufficient size to permit approximately 120 
Square yards per contributing man year. All swamps used for 
effluent disposal shall be clearly posted, to alert trappers 
and others that sewage effluent is present. . 

Wastewater disposal shall not contaminate groundwater. 

The wastewater effluent shall only be discharged to a 
receiving environment which can assimilate the residual 
pollutants. Particular attention shall be given to the 
protection of waterbodies from excessive organic loading 
during ice cover and low water level periods and to 
discharges to waterbodies that are quiescent or can become 
thermally stratified thereby causing localized concentrations 
of effluent. 
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Construction Services and Activities 
Wastewater, Sewage: Camps, Etc, 

26. Unless otherwise noted by the Agency, any effluent disposal 
that causes deviations from these standards shall be 
Supported in the application by site-specific information and 
information available from Environment Canada's Water Quality 
Data Report - "NAQUADAT", 

27. All solids and sludges in, or resulting from, the treatment 
of wastewater or sewage shall be handled in accordance with 
the requirements as detailed in "Solid Wastes:Camps and 
Facilities", 

Qualified Operator - 

28. A qualified operator for the wastewater and Sewage operations 
shall be on site: 

(a) at all times for construction and related operations 
that exceed 200 man days at one location; 

(b) one day a week with a minimum of two visits per site for 
construction and related operations that are less than 
200 man days at one location; and 

(c) as required at permanent facilities on the operating 
pipeline to perform normal maintenance and repairs 
except that there shall be a minimum of two visits a 
year (one of which shall be in winter) or once every 200 
occupied man days. . 

29. A qualified operator shall be an individual who has 
Successfully completed a training program approved by the 
Agency, and who has a demonstrated knowledge of: 

(a) wastewater treatment processes with the ability to deal 
with "upset" conditions, start up, surges etc. 

(b) wastewater sampling procedures; 

(Cc) wastewater tests such as BOD, COD, suspended solids, pH, 
dissolved oxygen, chlorine residual etc.; 

(ad) interpretation and application of laboratory results; 





(e) 

(f) 

(g) 

Construction Services and Activities 
Wastewater, Sewage: Camps, Etc. 

equipment operation, basic repair and preventive 
maintenance; 

basic public health practices; and 

safety. 

Comment: The company is advised of the following programs and 
guidelines which should be used in developing a program for 
Operations on the pipeline project. . 

(a) 

(b) 

Operation training program developed by the Water 
Pollution. Contro. Directorate, EPS, Environment Canada, . 

Guidelines for the classification of treatment 
facilities and certification of personnel, Committee on 
Training and Certification, Federation of Associations 
on the Canadian Environment (FACE). . 

30. At locations where a qualified Operator is not required full 
time (see recommendation 28b), one individual shall be 
designated to assure the safe and proper functioning of all 
wastewater and sewage systems. . 

31. The designated individual at locations where a qualified 
Operator is not required full time shall have a demonstrated 
knowledge of: 

(a) 

(b) 

(c) 

(d) 

(e) 

wastewater sampling procedures; 

steps to be taken to deal with "upset" conditions, start 
up, surges etc.; 

equipment operation, basic repair and preventive 
maintenance; 

basic public health practices; and 

safety. 
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Design Considerations 

x 

ae 

34, 

Sos 

36. 

Sie 

-All wastewater and sewage shall be collected and treated prior to disposal in accordance with detailed site-specific plans prepared by the Company, Signed and sealed by a professional engineer and approved by the Agency. . 

.Each wastewater and Sewage treatment systems shall be designed to handle the maximum possible peak flows and surges plus 20% to minimize the chances of hydraulic overloading of the system.. The use of flow equalization systems shall be considered mandatory for all mechanical treatment plants. Continuously recording flow meters shall be included at the 
effluent ends of all treatment facilities... Biological treatment plants at facilities that experience a wide 
variation in population should use parallel treatment plants to allow organic and hydraulic loading to be within the acceptable range for optimim treatment. 

-All treatment facilities shall include a laboratory fully 
equipped to make the necesSary tests of the wastewater and 
sewage stream. 

All continuous flow wastewater treatment facilities which are 
dependent upon the operation of mechanical equipment shall have temporary emergency storage facilities with sufficient 
capacity for 10 days' flow of untreated effluent. Pump 
facilities to return the stored waste to treatment works 
Shall be provided. . 

-Duplicate equipment shall be stocked on site for all pumps, 
valves and aeration equipment essential to the operation of 
the wastewater treatment and disposal system. 

-All domestic water and sewage systems used in camps or in 
permanent facilities shall incorporate practices and hardware 
to minimize the use of water and hence reduce the volume of 
wastewater produced. This will be particularly important in 
areas which are environmentally sensitive or sacrosanct and 
in locations without abundant water. 

Comment: All the recommendations contained herein are based on 
the use of conventional sewage systems and hardware and will be 

: applied accordingly. Where the Company uses low water systems, 

-~ 17 
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as it is actively encouraged to do, the Agency will give special 
consideration to proposals for the disposal of the resulting 
effluents such as concentrated Sludges, "grey water" etc, 

Lagoons 

38. 

chee 

40. 

41. 

42. 

43. 

Lagoons, used as a method of wastewater and sewage treatment, 
shall be designed for a minimum retention period of one year 
under the worst case of ice cover, infiltrated water 
conditions and maximum population plus 20% to account for 
unforeseen variations and thus assure, as much as possible, 
that hydraulic overloading will not occur. The Company shall 
limit discharge from lagoons during critical (ice cover) 
periods of the year to assure compliance with receiving water 
quality criteria. 

Lagoons shall include a separate primary cell. The sludge 
Shall be cleaned out regularly and disposed of as described 
in "Solid Wastes:Camps and Facilities", . 

All plans for sewage lagoons shall be accompanied by 
detailed, site-specific geotechnical and thermal analyses, . 
The materials to be used for waste impounding embankments, 
their source and permeability shall be specified along with 
their stability. Seepage control measures shall be detailed. 

The use of natural waterbodies as lagoons shall not be 
permitted unless the Company can demonstrate the site- 
specific benefits of such a practice. 

Unless otherwise approved by the Agency, sewage lagoons shall 
not be located within 1000 feet of any waterbody supporting 
fish, used as a water supply source or utilized by local 
people for hunting, trapping, fishing or recreational 
purposes. 

The Company shall submit for approval, at the time of 
submissions for initial authorization of the work, specific 
details of the measure that will be taken when abandoning 
each lagoon or wastewater retention pit.. Upon termination of 
use, lagoon storage facilities shall be maintained for a 
minimum of one year or until the water quality is 
sufficiently recovered to allow discharge of the total 
contents to the receiving environment... The lagoon area shall 
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be restored to provide a topography compatible with the 
Surrounding terrain, and revegetated. Abandoned lagoons 
Shall be posted, . 

Industrial-waste to sewers 

44, Wastewaters and sewage from industrial Operations shall only 
be discharged to sanitary sewers if they do not interfere 
with the treatment process and provided they comply with the 
following guidelines: 

(a) the industrial waste discharge temperature shall not 
‘disrupt the treatment process or receiving environment; 

(6) the industrial waste flow shall not exceed twice the 
average daily design flow; 

(c) the pH of the industrial waste shall be 5.5 to 9.53 

(dq) organic and other industrial waste concentrations shall 
not overload the treatment system; 

(e) the limits of toxic materials discharged to sanitary 
sewers shall be: 

Cyanide as HCN: 2mg/litre 
Chromium as Cr: 3mg/litre 
Lead as Pb: 3mg/litre 
Zine as Zn: 3mg/litre 
Copper as Cu: 3mg/litre 
Nickel as Ni: 3mg/litre 
Cadmium as Cds: 3mg/litre 
Phenolic compounds: img/litre 
Mercury: -005mg/litre 

Pre-treatment to remove these materials to this level 
will result in sludges the disposal of which must be 
detailed and approved by the Agency; hazardous material 
disposal; 

(f) flammable or explosive materials shall not be discharged 
to sanitary sewer systems but shall be contained and 
treated as hazardous materials; 
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(g) animal or vegetable fats or oils shall be limited to 150 
mg/litre; mineral oil effluent levels shall not exceed 
15 mg/litre; 

(_h) substances emitting hazardous or noxious gases such as 
hydrogen sulphide, carbon monoxide or ammonia shall not 
be discharged to the Sanitary system; 

(i) wastes containing disolved salts in excess ef, 1500 
mg/litre shall be pretreated prior to discharge; and 

(j) the discharge of radioactive materials to Sanitary sewer 
Systems shall be prohibited; these materials shall be 
disposed of according to the regulations promulgated 
under the Atomic Energy Control Act RSC 1952... 

45. Industrial effluents shall not be diluted to comply with the 
above maximum levels. . 

RECOMMENDATIONS: THE AGENCY 

46. The Agency should review the applicability to this project of 
the "Guidelines for Effluent Quality and Wastewater Treatment 
at Federal Establishments" (DOE) and issue revised general 
Standards to guide the Company.. Such guidelines should ke 
issued at the earliest possible date and before receipt of 
the Company's Overall Plan. . 

Comment: While the Agency should use effluent quality as the 
ultimate criterion in assessing the adequacy of treatment 
Systems, the quality specified should not be chosen arbitrarily 
nor should it be based on criteria used for highly populated or 
industrial areas. Rather, the Agency should, for each major 
drainage basin, make an effort to project what the maximum 
development will be. Then, with the aid of data from impact 
studies and available baseline determinations, establish quality 
criteria that are reasonable for the area during the season of 
the proposed activity. Factors which should be taken into 
account include: (1) the best practicable types of control 
technology currently available and the degree of effluent quality 
achievable by each; (2) the total cost of application of the 
technology in relation to the effluent reduction benefits 
achieved from such application, (3) the engineering aspects of 
the application of various types of control techniques and 
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process changes; and (4) the non-water quality environmental impact (including energy requirements, total resource impact on fish and wildlife, terrain degradation, etc.) 

The Agency should be primarily concerned with the quality of 
wastewater reaching the receiving environment, and to a lesser extent with the degree of treatment efficiency achieved. 

47. .The Agency should adopt at the earliest possible date a 
comprehensive list of receiving water quality criteria for 
wastewater and sewage disposal purposes based on the 
recommendations as outlined in "Water Quality". 

48. The Agency should approve in principle the Overall Plan for 
wastewater and sewage disposal and the Overall Plans for 
water supply, industrial waste and solid waste disposal 
before considering any Site-specific submissions for 
approval. 

49, Site-specific plans for each location where wastewater or 
Sewage are to be disposed of should be approved by the Agency 
before allowing the Company to commence any on-site 
construction of the camp or permanent facility. 

50. Approval by the Agency of Site-specific plans for methods of 
disposal of wastewater and sewage should be conditional on a 
final on-site inspection approval of any facility. . No 
discharge of any wastewater or sewage shall be permitted 
before such a final on-site inspection. . 

21. The Agency shall assure that all effluents are treated at 
least to primary treatment standards and as otherwise may be 
necessary, On a site-specific basis, to protect public health 
and to suit the particular receiving environment. . 

Comment: As site-specific information becomes available, the 
Agency may wish to modify the discharge requirements, 
particularly when it appears eminent that harm to the environment 
will cccur. This may take the form of changes in specific limits 
or up to the point of terminating the discharge, . 
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Engineering 

1973 Water quality criteria 1972. . EPA. R3. 73. 043, 

Yamamoto, T. 

1975 Preliminary analysis of enteric virus content of 
wastewaters in selected communities in the 
Northwest Territories and Alberta, Univ. of Alberta 
(uratt)., 

zemansky, G. 
19:75: ¢ Wastewater and Alyeska: north of the Yukon; The 

Northern Engineer, Vol.7, No.2, pe41-50.. 

3.. Personal Communications 

Smith, CD and Cameron, J 
1976 Northern Technology Center, EPS, Edmonton. The 

Specific effluent standards must be cognizant of tretment costs 
and the total environmental effect of providing the required 
treatment facilities. 





Construction Services and Activities 

SOLID WASTES: CAMPS AND FACILITIES Sa SEO AND FACILITIES 

GENERAL RECOMMENDATION 

The Company shall develop and implement methods of handling and disposing of solid waste from camps and facilities that protect 
the health and well-being of the resident human population and 
protect the physical and living environment to the limit of 
existing technology and reasonable cost, . 

The government should ensure that the effect of all approved 
solid waste plans ate responsive to public health standards and 
are responsive to the particular receiving environment. . 

DISCUSSION 

The two objectives of a solid waste management scheme are: (1) to 
protect public health and (2) to minimize the environmental 
impact of any disposal operation. Standard, well understood 
procedures exist to help meet the first objective but the 
particular nature of the pipeline project and the northern 
environment makes it difficult to use a standard approach to meet 
the environmental objective. . 

Permafrost and low temperature along the proposed route severely 
limit and, in many cases, preclude, the use of conventional 
Sanitary landfill and other standard techniques. . 

The construction project will see large volumes of diversified 
types of solid waste produced over a short period from centres of 
activity spread over a vast area. Wildlife, particularly bears, 
foxes and rodents, will be attracted to the waste unless it is 
properly handled and treated. Improperly treated waste could 
pollute, both aesthetically and biologically, the relatively 
pristine northern flora and fauna. . 

Both pipeline companies plan to deal with solid wastes from camps 
and facilities in the same way (they both used the same 
consultant). Generally, incineration is proposed with non- 
combustible waste being stockpiled for return to previously 
designated areas or for burial.. It is suggested that Sanitary 
landfill would be used in non-permafrost areas. Site-specific 
details are lacking and will not be available before final 
design. 
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Construction Services and Activities 
Solid Wastes: Camps Etc. 

The problem that poses most concern with respect to domestic solid waste is the attraction it offers to wildlife. The only effective measure to decrease this problem is the proper handling of waste at its source with final disposal by incineration. . 

RECOMMENDATIONS: THE COMPANY 

The Overall Plan 

1. Before final design and before Site-specific approvals are 
granted, the Company shall prepare an Overall Plan for solid 
waste as specified in sections 1 and 2 of Wastewater and 
Sewage. . 

The Site-Specific Application 

ze A separate application must be filed with the government for 
solid waste disposal for each construction Spread and each 
camp or facility that has an annual manpower requirement of 
200 man days or more.. Application for camps or facilities 
with manpower requirements of less than 200 man days may be 
grouped provided the activities for each are within the same 
three month reriod.. 

3. Each application shall be keyed to the Overall Plan. 

4, Each application shall include the details as outlined under 
Wastewater and Sewage (section 5) and each application shall 
apply only as noted therein (section 6).. Also, applications 
for disposal sites shall include an evaluation of topography, 
soils, substrata, ground and surface water conditions, high 
water level of nearby streams, availability of fill material 
and rehabilitation measures to be used upon abandonment. 

S-- In all circumstances, the burden of proof for demonstrating 
the effect of disposal of a solid waste shall rest with the 
Company. 





Construction Services and Activities 
Solid Wastes: Camps Etc. . 

Qualified Personnel 

6. The Company shall designate a responsible individual fully 
conversant in all aspects of solid waste practices and 
Operation of related equipment at each location of activity 
and shall designate sufficient staff and equipment to 
implement the approved solid waste Management plans. . 

Waste Handling 

Js 

8. 

10. 

The Company shall adhere to the "Code of Good Practice for 
Handling Solid Wastes at Federal Establishments" as published 
by Environment Canada unless it is demonstrated to the Agency 
that other practices are preferable. 

All domestic solid waste from meals or other activities along 
the right-of-way or elsewhere away from the designated camp 
Or permanent facility shall be incinerated immediately on 
location or stored in tight fitting animal proof containers 
for shipment to the nearest approved disposal facility within 
12 hours or at the end of a work shift, whichever is sooner. . 

Sewage Sludges and sludges resulting from the treatment of 
water shall be handled according to methods developed by the 
Company and approved by the Agency at each location. (See 
Recommendation 14 below) 

Scrap metal, oil drums, discarded equipment and other 
metallic and non-flammable waste shall be stored temporarily 
in designated areas. Volume shall be reduced by compaction, 
and the material shall be transported to previously 
designated and approved disposal or storage sites unless the 
Company can demonstrate that other methods of handling are 
preferable. . 

Incineration 

11. ‘All combustible waste shall be incinerated in an approved 
incinerator unless the Company can demonstrate, on a site- 
specific basis, that other means of disposing of the waste 
are preferable. . 





Construction Services and Activities 
Solid Wastes: Camps Etc. 

12. Open burning shall be prohibited except with prior written authorization of the Agency. 

13. Emissions from incinerators shall meet all the requirements as outlined in "Air Pollution Emissions and Control 
Technology, Packaged Incinerators" (McColgan, I.J., 1976). 

14. Sewage sludge from treatment plants shall be dewatered and 
incinerated unless the Ccmpany can demonstrate, on a site- 
Specific basis, that other means of disposal of the waste are 
preferable, 

Disposal Sites 

15. Solid waste disposal sites shall be located at least 1000 
feet from watercourses, human settlements or camp sites and 
Shall be situated to avoid contamination of any stream, lake 
Ox groundwater system. . 

16. Solid waste disposal sites shall be in accordance with the 
"Ccde of Good Practice on Dump Closing or Conversion to 
Sanitary Landfill at Federal Establishments" as published by 
Environment Canada, unless the Company can demonstrate that 
other practices are preferable. 

17. Borrow pits to be used as solid waste diposal sites shall be 
so designated on the application to use the borrow a7 & 
materials. . 

18. Hazardous or toxic wastes, such as solvents, oils, 
lubricants, greases or radioactive wastes, shall be excluded 
from normal landfill operation unless specifically approved 
by the government... (See also "Solid and Liquid Wastes: 
Construction/Industrial Activities, "') 

19. Storage areas and disposal sites shall be adequately fenced 
to prevent access by scavengers such as bears, foxes, wolves 
and wolverines, and to contain wind blown rubbish. 

20. Upcn completion of disposal operation at a particular site 
the Company shall revegetate and grade the area to suit the 
local natural topography and drainage characteristics and 
shall post permanent signs that indicate the extent of the 
abandoned site and its dates of use. 
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Construction Services and Activities 
Solid Wastes: Camps Etc. 

SOURCES OF INFORMATION 

ine Transcripts, Exhibits, Basic Documents 

CAGPL Faulkner,R.L. . (115217507) ; Gunn, W.H. (89213442); 
Hemstock, R.A. (80-11915-17; 81: 12085-91; 
Sosaeo ls Bord. .t. G; (4025237); Jackimchuk, R.D. 
(95:14360-66; 133: 20133-49, 2021 3= 21s) Minning, GC. 
(for Hemstock, R.A.) (78:11649-53; 81:3 12085-89) ; 
Rempel, Ge. .(116:17649) ; Williams, G.L. . (80:11915- 
173°°81212085~87) 

FH Lawrence, N.A.. (86:12873-79; 88: 13251-58) 

CARC Lent, P.C. .(106:12172-76, 16262) 

EPB _ MceTaggart-Cowan, I. (7262077. 62114, 6221-22) 

Comm. C Simmons, N.eM. (139:21146-51) 

Exhibit 312: Associated Engineering Services Ltd. 1975. 
Foothills Pipelines Ltd. typical treatment units 
for arctic work camps. . 

2-. Reports 

Associated Engineering Services Ltd. . 
ey bo) CAGSL back-up data water supply and waste disposal 

for campsite and pipeline facilities. (Report to 
NES). . 

Canada.. DOE. Environmental Protection Service 
Code of good practice on dump closing or conversion 
to sanitary landfill at federal establishments. 

Code of good practice for handling solid wastes at 
federal establishments. . 

International Conference on Land for Waste Management 
1973 Proceedings. . 
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Solid Wastes: Camps Etc. 

Mecolgan;/isJ. 
1976 Air pollution emissions and control technology, 

packaged incinerators; Air Pollution Control 
Directorate, DOE. 
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Construction Services and Activities 

SOLID AND LIQUID WASTEs: CONSTRUCTION/INDUSTRIAL ACTIVITIFS 

GENERAL RECOMMENCATION 

The Company shall dispose of solid and liquid wastes resulting from pipeline construction and related industrial activities in an aesthetically pleasing manner that minimizes the direct and indirect effects on the physical and living environment. 

DISCUSSION 

Solid and liquid wastes resulting from construction and related industrial activities on a project of the scale of the proposed pipeline present problems because of their volume and generally inert or toxic nature... These problems will be compounded on the project in the North because of the remoteness and vast area of the operations, the pristine nature of the environment and the 
severe climate. Special measures and diligence by the Company 
and the government will be necessary to implement an effective 
waste program. 

The current practice of Stockpiling scrap metal, machinery etc. 
in designated areas will have to be greatly expanded for the 
masSive pipeline project. Disposal of other construction and 
related industrial solid and liquid wastes will have to be 
addressed on a site-specific basis bearing in mind that the 
objective of all such programs is to leave the site of, ali 
activities ina safe and aesthetically pleasing condition. 

Disposal of surplus excavated material (soil and rock) will pose 
Special problems, If the material has a high ice content, spring 
thaw could cause erosion or could jeopardize the 
revegetation/rehabilitation rfrogram.. Also, it is likely that 
Significant volumes of excess excavated material will result from 
cut banks at river and stream crossings and will have to be 
disposed of in a way that will avoid siltation of the waterbody. 
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Construction Services and Activities 
Wastes: Construction 

RECOMMENDATIONS: THE COMPANY 

Overall Plan 

1. AS part of final design and before final approval is granted, the Company shall Prepare an Overall Plan for the handling and disposal of construction and industrial solid and liquid wastes (as specified in "Wastewater and Sewage", 
recommendations 1 and 2). 

Site-Specific Application 

Ze An application for disposal of construction and industrial Solid and liquid wastes shall be submitted with the 
application for solid waste disposal at camps and facilities. 

A separate plan for disposal of construction and industrial solid and liquid waste shall be prepared for each 
construction spread and shall be keyed to the Overall Plan. 

Each application shall include details as outlined in 
recommendation 5 "Solid Waste: Camps and Facilities", and 
Shall apply as noted therein, . 

In all circumstances, the burden of proof for demonstrating 
the effect of a discharge of waste shall rest with the 
Company. 

Hazardous and Toxic Wastes. Secel VOUS 2nGa L10X1C Wastes 

6. Hazardous and toxic wastes, X-ray wastes, radioactive wastes, 
etc. Shall be listed in the site-specific application and 
Shall be specially highlight as such.. Each application shall 
Specify for all hazardous and toxic wates associated with 
activities included in the application: 

(a) the name, properties and use of each substance; 

(b) the volume of waste; 

(Cc) the toxicity data for each substance (if available); 
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Construction Services and Activities 
Wastes: Construction 

(dq) the propsed method of packaging, transporting, 
transforming and stowing of the waste; and 

(e) the proposed method of disposal. 

Comment: The term "Hazardous and toxic wastes" includes any product or substance that is or contains a poisonous, toxic, inflamable, explosive or corrosive product or substance of 
Similar nature which upon release or escape to the 
environment may cause or may contribute to a harmful effect 
On the environment and on human health and safety... It covers 
chemical, toxic, hazardous and similar gaseous, liquid and 
solid wastes but excludes liquid and solid municipal wastes, 
pathological wastes, non-toxic and non-hazardous commercial 
and industrial solid waste, construction debris and similar 
wastes. (also see "Spill Prevention and Control") 

Substances used on the project shall be selected as much as 
practicable according to their least toxicity and persistence 
of their waste product in the living environment. . 

Qualified Personnel 

8. The Company shall designate waste management personnel as 
noted in "Solid Waste: Camps and Facilities", | 

Waste Handling 

Bie - 

10. 

11. 

The Company shall manage all solid waste as noted in "Solid 
Waste: Camps and Facilities", recommendations 7, 8, 9, and 
10. 

All hazardous and toxic wastes associated with the project 
shall be handled in compliance with the "Code of Good 
Practice for Management of Hazardous and Toxic Wastes at 
Federal Establishments" (EPS, Environment Canada).. 

Non combustible construction and industrial solid wastes such 
as scrap metal, discarded equipment etc. shall be stored 
temporarily in designated fenced areas and, if possible, 
reduced in volume by compaction. . 
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Construction Services and Activities 
Wastes: Construction 

Waste Disposal - General 

12. 

er 

14, 

136 

16. 

17. 

All combustible construction and industrial solid waste shall be incinerated as specified in "Solid Waste: Camps and Facilities" unless the Company demonstrates that other disposal methods are preferable. 

Comment: Some comubstible waste emanating from construction activities such as waste lumber, paper, paper products etc. may be allowed to be buried in a Sanitary land fill operation with the prior written authorization of the Agency. 

Trees and shrubs rendered as waste from clearing or cutting Shall be burned or chipped (see "Vegetation Clearing"). 

All non-combustible construction and industrial solid waste 
Such as scrap metal, discarded equipment and parts, pieces of 
pipe etc. shall be transported to designated storage/disposal 
areas unless disposal by other means such as burial in worked 
out borrow pits is approved by the Agency. 

If a borrow pit is to be used as a disposal site for 
construction/industrial solid waste it shall be so designated 
in the initial application to use the borrow pit and shall be 
SO approved by the Agency. (See "Borrow Operations"). 

Solid waste disposal sites shall be located and operated in 
accordance with the requirements of "Solid Waste: Camps and 
Facilities" (Recommendations 15 to 20). 

All hazardous and toxic wastes shall be disposed of ina 
Manner Specifically approved by the Agency and in accordance 
with the "Code of Good Practice for Management of Hazardous 
and Toxic Wastes at Federal Establishments", 

Bt 

Waste Disposal - Excavated Materials 

18. -An undisturbed area of natural vegetation at least 300 feet 
in width shall be left between any disposal site containing 
waste soil or excavated material and any waterbody or any 
public right-of-way. 





Li 

20. 

Zits 

22. 

23. 

Construction Services and Activities 
Wastes: Construction 

Waste soil, rock and other materials resulting from Operations on the right-of-way shall not be disposed of in any waterbody, ice covered or otherwise, unless specifically approved by the Agency. . 

Censtruction wastes consisting of waste soil from the 
pipeline trench or other excavations, stumps and other excavated residue should be disposed of in designated borrow pits. Alternatively, soil may be disposed of by spreading 
Over the right-of-way if the Company demonstrates that such a practice would not cause siltation of adjacent waterbodies, interfere with natural drainage, local vegetation or the 
right-of-way revegetation program. . 

Spreading of waste excavated material on the right-of-way 
Shall not be in layers greater than six inches and shall not 
be on slopes greater than three degrees, . 

Small amounts of waste organic material from excavations may 
be spread out on cleared areas provided it is spread in 
layers not exceeding six inches and is covered with Sarl or 
otherwise rendered harmless as a fire hazard. . 

Where the amount of waste soil exceeds the Capacity of the 
designated borrow pits and/or right-of-way, the waste soil 
may be disposed of in spoil mounds. Plans for disposal in 
Spoil mounds shall be prepared by the Company on a site- 
Specific basis, and shall include details on: 

(a) the clearing and stripping of topsoil; 

(cb) topography and drainage before and after the disposal 
occurs; 

(c) the nature of the substrata; 

(d) the properties of the soils or other excavated material 
to be disposed of at the site; 

(e) the height, side slopes and drainage features of the 
Spoil mound; and 

(£) rehabilitative measures including grading and 
revegetation. 
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24, 

25. 

Construction Services and Activities 
Wastes: Construction 

Disposal of thaw-unstable (ice rich) excavated material shall be completed before such material has deteriorated from its in-situ condition. . 

Thaw-unstable excavated material shall be disposed of only in designated worked out borrow pits in a manner approved by the Agency. Disposal of such material Shall be included in +¢he borrow pit rehabilitation/revegetation scheme in such a way that it will remain stable, . 

SOURCES OF INFORMATION 

Mot 

Ze... 

Transcripts, Exhibits, Basic Documents 

CAGPL oti ok IY Boa A (262:3114-29) ; Cooper, R.H. (24:2844- 
' 4&7); Faulkner, Ree nosh yo Og) * Hemstock, Rave 

(80:11915-7; 81:3:12685; So<12617):¢ Hollingshead, 
GeWe (26:23278-79) 3 McCart, P.J. (84:3 12525-26) ; 
Minning, Ge .(83:312406-18) ; Williams, G.L. (24: 2847- 
9, 2875-76: 38:4827-28, 4985-91; 39:5067-76; 
83:12509-16, 84:12525-32) 

FH Bauer, A.F. (67:9839-42); Lawrence, N.A. . 
(88:13251-58) 

Comme Ce. Scott, I. (26:3124-27) 

Private Marring, J. .(C-3:172) 

PAAG pp.240, 322, 326 

Reports 

Canada. DOE. 
ned. . Interim guidelines for disposal of waste fluids 

from petroleum exploratory drilling in the Canadian 
north. 





Construction Services and Activities — 

Wastes: Construction 

Canada, DOE. Environmental Protection Service, 
Code of good practice for management of hazardous 
and toxic wastes at federal establishments, . 

International Conference on Land for Waste Management. 
cia Proceedings. 
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Construction Services and Activities 

WATER SUPPLIES AND INTAKES en SY EN AKRES 

GENERAL RECOMMENDATION 

Removal of water shall be permitted Only where and when such a withdrawal and the associated works and activities will not 
adversely affect: 

(a) other uses of the water source for domestic, industrial 
Or recreational purposes; transportation or access to 
the waterbody; or trapping or fishing by local people; 

(b) fish population and other aquatic biota in the 
waterbody; or 

{C) waterfowl or wildlife utilizing- the waterbody or its 
margins. 

DISCUSSION 

Water withdrawals for the construction of the Pipeline project 
will be substantial. Arctic Gas estimates a total water 
requirement for construction camps, testing and snew roads of 742 
million Imperial gallons (exhibit 452, 453 and 497). The largest 
use of water is for snow roads and ditch flooding (Williams, 
S227 007): 

The use of snow making equipment to build snow roads and a 
working surface along the right-of-way will require an estimated 
1.8 million Imperial gallons per mile (Williams 1s 4219 929). 
Water requirements for testing the big inch pipe will be 
substantial whether a water-methanol solution medium or a warm 
water medium is used. Hence, the routing of the pipeline and the 
construction methodology employed will have a direct bearing on 
the water withdrawal requirements. 

There appears to be enough water along the entire length of the 
pipeline to fulfill the needs of the project and the environment 
provided that local precautions are taken. Some shortages could 
result from construction activities during low flow periods and 
along the Yukon North Slope. This could create significant 
conflicts between the needs of the project and the living aquatic 
environment. 





Construction Services and Activities 
Water Supplies and Intakes 

Removal of water by lowering the level or reducing the flow in watercourses can have adverse effects on fish and wildlife as well as on a variety of the activities of man. In addition, the Operation of water intakes and the construction of associated works can compound these adverse effects, Water removal for the project will be at a maximum Guring the winter months when the aquatic life are very susceptible to changes in flow. Therefore, the principal concerns over water removal that are distinctive 
for this project relate to the potential effect of winter 
activities on fish, bearing in mind the large number and 
geographic diversity of the water sources that will be tapped. 

Fish are dependent on maintenance of critical water levels and/or 
flows in the areas and at the times used for migration, Spawning, 
rearing and other site specific elements of their life cycle. 
Overwintering of fish and eggs in streams with a limited flow and 
in streams or lakes with a limited depth of water below the ice 
are particularly dependent on the maintenance of the flow and 
depth Thus fish could be affected by water removals for the 
pipeline project. 

Aquatic furbearers could also be affected by water removal and if 
reduced water levels persisted into the summer it could be © 
detrimental to waterfowl and shoreline wildlife. 

In view of the above, water use by the pipeline project could be 
of some concern relative to fishing and perhaps to local 
trapping. Concerns over water removal in relation to 
transportaticn, or access to waterbodies, recreational use of 
waterbodies, or domestic water use are expected to be limited but 
may arise in some places. 

The magnitude of the water requirements and number of sources 
that will be used will require the most diligent planning and 
control. While current practice on such matters should, by and 
large, be continued, some special requirements will have to be 
implemented to assure that the intent and specific requirements 
of current legislation are met. 
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Construction Services and Activities 
Water Supplies and Intakes 

RECOMMENDATIONS: THE COMPANY 

Overall Plan 

1. 

20 

Before final design and before site specific approvals are granted, the Company shall prepare a general Overall Plan for all water withdrawals (as Specified in "Wastewater and 
Sewage: Camps and Facilities"). 

The Overall Plan shall specify: 

(a) the source of all waters; 

(b) the proposed method of withdrawal, means of 
transportation storage, treatment and use of the water; 

(c) the anticipated volume, rates and periods of withdrawal; 

(d) the general physical and biological characteristics and 
domestic and/or commercial utilization of the water 
source; and 

(¢) alternate sources that could be used if the proposed 
Site is unacceptable to the Agency or if the proposed 
site has to be excluded for any reason during the 
proposed withdrawal period. 

Site-Specific Application 

= A separate and site-specific application shall be filed by 
the Company for each water withdrawal regardless of its rate 
or duration except a group application shall be permitted 
where two or more withdrawals are from the same waterbody, 
occur during overlapping periods and are for similar volumes 
each of which is less than 5% of the minimum daily flow or 
total volume of the source, 

Each application for water withdrawal shall be keyed to the 
Overall Plan and shall be submitted at least one year prior 
to the withdrawal if the withdrawal is for snow road 
construction, pipe testing or ditch flooding. 
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6. 

Construction Services and Activities 
Water Supplies and Intakes 

Each application shall comely with the requirements of the 
section on Fish and shall specify: 

(a) 

(b) 

(Cc) 

(d) 

(e) 

(f) 

the source of the water and location of use; 

the maximum rates of withdrawal and the total volume to 
be withdrawn or the volume per unit of time in the case 
of an ongoing withdrawal; 

a statement justifying the need for water and the 
selection of the withdrawal site to meet this need; 

the intake, transportation and treatment design details 
for the water withdrawal works; 

the particular environmental and land use 
characteristics of the water supply source (including 
its use by fish, wildlife, trappers, fishermen or any 
other people for recreational, professional or any other 
reason) together with the Company's assessment of 
effects of the proposed withdrawal; and 

the physical changes to the waterbody that will result 
from the withdrawal including; 

(i) Watercourses: percent decrease in flow rate ané 
water depth and water level. For winter withdrawal 
where fish or eggs are present downstream, change 
in depth and area of pools during minimum flow and 
Maximum ice cover; 

(ii) Lakes: percent decrease in water volume and maximum 
water depth and water level, and time when water 
will recover its natural level. 

Applications that are approved shall be valid only for the 
quantities, locations and periods of withdrawal specified in 
the approved application. If the aforementioned are altered 
in any way that would increase or change the location of the 
impact, the Company shall submit an ammended application for 
approval before any such change occurs. 

In all circumstances, the burden of proof for demonstrating 
the environmental effect of a water withdrawal shall rest 
with the Company. 
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Construction Services and Activities 
Water Supplies and Intakes 

Design Considerations 

8. All water withdrawals shall be in accordance with site- Specific plans prepared by the Company, signed and sealed by a professional engineer and approved by the government. 

The design of all water withdrawal facilities shall be in accordance with the following parameters; 

(a) 

(b) 

(Cc) 

Water shall not be removed from a waterbody frequented 
by fish, waterfowl, or aquatic fur bearers unless the 
applicant has demonstrated that this water-use will not 
be detrimental to the fish, waterfowl, or aquatic fur 
bearer populations and resources in and around the 
waterbody, either at the time of removal or at other 
(subsequent) times. If the Company submits that a 
waterbody is not frequented by fish, SCC. see 
responsible for demonstrating the veracity of «this 
submission. 

A water intake shall not be located within 200 yards of 
fish spawning or Overwintering areas which have well- 
defined boundaries. Water removal from large 
watercourses having scattered overwintering and spawning 
areas shall be permitted if proper screening and 
approved velocities are maintained. 

Water removal shall not exceed 10% of the minimum 
quantity of water in the waterbody during the period of 
removal. In any case, water shall not be removed from 
any lake containing fish unless it is deeper than 12ft, 
or from any flowing waterway where removal would reduce 
velocity below 1.5 ft/sec. or depth below 6/10 ft. In 
all waterways containing fish, the flow rate shall ke 
maintained at least at the median monthly minimum flow 
level during November - April. The monthly minimum flow 
calculation shall be the flow normally expected in 
streams and 9 out of 10 years during each of the winter 
months. . 

Water removal shall not cause siltation or turbidity in 
excess of standards set out in the section "Suspended 
Sediment Standards in Waterbodies," 
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Construction Services and Activities 
Water Supplies and Intakes 

(¢) The intake structure shall be located and designed so that the maximum inlet velocity is 1 foot per second and So that the intake avoids interference with indigenous 
fish porulations assuming a worst case situation for ice build-up on the screen and in the water source. 

Comment: Intakes may have to be recessed into a stream bank to avoid adverse effects to migrating juvenile fish. 

10. 

ae 

12. 

(f) Stationary intakes shall conform to the specifications 
Outlined in the Intake Screen Guidelines (1972), of “the 
Fisheries and Marine Service (Vancouver), Environment’ 
Canada. 

(9) Movable intakes shall be assessed and approved on an 
individual basis but should meet specifications 
comparable to those for stationary intakes, 

The design shall include measures that will be taken during 
use and upon abandonment to stabilize the affected approaches 
to the source so that creeping and erosion will not occur. 

Where permanently submerged water withdrawal structures are 
utilized, the Company shall arrange an On-site inspection of 
the structure prior to its installation. 

The Company shall design all water related systems for 
construction activities, camps or permanent facilities 
incorporating practices and hardware to minimize the use of 
water, This will be particularly important in areas that are 
ecologically sensitive or are without an abundant water 
supply. . 

Operating Considerations 

13. A qualified individual for water withdrawal shall be at the 
water withdrawal site at all times during withdrawals of 
water used for industrial and related operations during 
pipeline construction and testing; (ie. pipe testing, ditch 
flooding, snow rcad construction). 
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Construction Services and Activities 
Water Supplies and Intakes 

14, A qualified individual for water withdrawal shall be a person 

1D 

Wee 

Ais 

18. 

who has keen so designated by the Company and approved by the government and who has a demonstrated Knowledge of: 

(a) the critical biological features of the water supply 
Source including the habitat features that must be 
protected and the presence and movement of SiS: 

(b) the design and operation of the water withdrawal 
facility: and 

(Cyr SaLety, 

The qualified individual for water withdrawal shall be given 
authority by the Company to Stop all water withdrawals should 
it be asked to do so by the authorized officer on-site or 
should he deem it necessary to do so on the basis of his own 
judgement. 

If an intake impairs fish habitat or movements, directly or 
indirectly, it shall be shut down and then redesigned or 
moved to a more suitable location that has been approved by 
the government. 

If the minimum flow or depth in the watercourse or lake is 
approached during water withdrawal, the extraction of water 
Shall cease until a safe water level is restored. 

Upcn abandonment of a water withdrawal facility or where such 
a facility will not be used for one month or more, the 
Company shall remove the intake and all related equipment and 
Structures from the water. 

RECOMMENDATIONS: THE GOVERNMENT 

19. 

20. 

Site specific plans for each water withdrawal site should be 
approved by the government prior to allowing the Company to 
commence any On-site construction activity. 

Approval of site-specific plans by the Agency shail be 
conditional on a final on-site inspection approval of the 
water withdrawal facility. No water withdrawal should be 
permitted before such a final on-site inspection. 
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Construction Services and Activities 
Water Supplies and Intakes 

21. The Agency shall not approve any water withdrawal scheme unless the Company demonstrates that the water use and the associated works and activities will not adversely affect other uses of water for domestic or industrial purposes, 
transportation on or access to the waterbody, or trapping and fishing by local people. 

SOURCES OF INFORMATION 

es Transcripts, Exhibits, Basic Documents 

CAGPL Dau, P.eH. (17:1993-7; 38:4854-55, 4875-76); Harlan, 
ReL. (81212100, 12095-114; 82:12189-96; 84:12585- 
608s 8521247-32- 12690-63)3; Hemstock, R.A. 
(SS: 12706=10) eG MMarshal VA's. (S0219776=7 7) Mecart, 
PeJe (803119223 84:312557-71, 12585-600, 12607-08; 
§52°12622 +) 85A: 12741-73, 12760-61, 12764-65, 127706; 
95:14402-04); Minning, G. (78:11637-49, 11655-56, 
11660-64); Reid, C.M. (13123986-89) ; Walker, cC.E. 
(103: 15153-54) 3 Watson, D.W. (1721993=97): 
Williams, G.L. (33:4841; 34:4484-85; 35:4565-68; 
38:4854-55; 52:7007; 81:212095-197; 84:12585-608; 
85:312617-32, 12690-63; 131219904-10, 19912-14) 

FH Gibbs,“R. (131219929-31); Jarvis, Ps (67:9859) ; 
Lawrence, NeA. (86:12874, 12953-67); Lazerte, R.M. 
(63:8989-90, 9034-38) 

CARC Steigenberger, L.W. (103:15780-83, 15815-1173; 
103:15997-16000, 16036-44) 3 Stein, J.N. (103:15728- 
30, 15780-82, 15815-17; 105:15997-16000, 16036-44) 

Delta Rempel, G.? €il6217652=53) 

CAGPL Application (as amended to 8 March 1976) 

Consolidation filing and third amendment to 
applications, 

Consolidation filing (drawings). 

Exhibit 497: CAGPL. 1976. Estimated quantities of 
natural resources required in construction of the 
proposed pipeline. 





Construction Services and Activities 

PIPE TESTING 

GENERAL RECOMMENDATIONS 

The Company shall apply high standards of quality control during construction of the Pipeline, in order te minimize the risks of Pipe failure during field testing, and the resulting problems associated with repair or replacement of any segment of the Pipeline. 

The Company shall carry out all field testing of the pipeline in an environmentally safe manner. The whole testing procedure, including water withdrawal and test medium disposal, shall be subject to a permit from and Closely regulated and inspected by 
the Agency. 

The Company shall develop detailed contingency plans for the 
containment and removal of any testing medium spilled as a result of any failure of the pipeline or of the testing process and 
procedures. In particular, the Company shall ensure that no waterbody is contaminated with a toxic pipe testing medium. 

CISCUSSION 

This section deals primarily with the measures required to ensure 
that the impacts of pipe testing and the handling and disposal of 
the test medium are minimized to the greatest extent possible. 
Detailed discussion of the impacts of and recommendations to 
control the problems associated with the taking of the large 
quantities of water required for pipe testing will be found 
elsewhere in this report, the key section being "Water Supply and 
Intakes", 

All pipelines have to be field tested for strength and leaks 
before they are put into service. The testing is done, sectior by 
section, after the pipe trench has been backfilled. The usual 
method is to fill the pipeline with water and apply a hydrostatic 
pressure. If any part of the section under test fails, the failed 
segments have to be excavated and replaced. The pipeline is also 
tested for any dents or deformities, and again segments that do 
not meet the specifications have to be replaced. 
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Construction Services and Activities 
Pipe Testing 

Since the pipeline is to be built ana tested in winter, water itself is unacceptable as a test medium, Water freezing in the pipe during testing would invalidate the test, damage the 
interior of the pipe and possibly cause it to fail. Two main 
methods of overcoming this have been proposed. One is to heat the water and, by passing warm water through the pipe prior to 
testing, warm up the pipe and the backfill sufficiently to 
prevent any freezing during the actual test. This method requires the use of substantially more water than the volume needed for 
the actual test, uses a large amount of fuel and presents the 
problem of disposing of large quantities of warm water. The other 
method is to mix a freeze-depressant with the water to give a 
solution that will not freeze during the test. The antifreeze 
chemical contemplated is methanol, commonly known as wood 
alcohol. This method uses much less water than testing with warm 
water, but presents the problem of disposing of large quantities 
of a toxic liquid. Depending on the ground temperature, the air 
temperature and the distance between the water source and the 
segment of pipe under test, the concentration of methanol will 
vary from a few percent up to as much as 40% by volume. 

The present field pressure testing plans of Canadian Arctic Gas 
and Foothills are quite different. Canadian Arctic Gas proposes 
to use water in non-permafrost areas, warmed as necessary to 
allow for winter temperatures... In permafrost areas, it proposes 
to use a water-methanol mixture, with a methanol concentration of 
not greater than 26% by volume. Foothills presently proposes to 
use water, heated as necessary, for all of its pipeline except 
parts of Spread 2 (MP 89-187, Campbell Creek to Thunder River), 
where a water-methanol solution will be used since suitable water 
sources are lacking. The solution may have to be hauled by tank 
truck for some distance, and to prevent it freezing in the tanks, 
the methanol concentration may be as great as 40% by volume. 

Apart from water withdrawal, several aspects of the pipe testing 
plans have a potential for causing or leading to undesirable 
environmental impacts.. Some of these can be avoided through the 
rigorous application of quality controls during construction. The 
others cannot be avoided if the project is to go ahead. Hence the 
objectives of these terms and conditions is to reduce the impacts 
to an acceptable level. Five main areas of concern have been 
identified. . 
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Construction Services and Activities 
Pipe Testing 

First is the problem of withdrawing large quantities of water in winter time, and its potential impact on fish populations and aquatic habitat. This concerm is discussed in "Water Supply and 
Intakes", 

Second are the risks of contamination of the environment, and waterbodies in particular, with a concentrated solution of methanol should the pipe fail during the pressure test. An associated problem is that of spillage of methanol during 
movement, presumably by tank truck, from the Stockpile area to 
the work site. In this case, although the spilled liquid could be 100% methanol, the’ quantity Spilled will be limited. As methanol is quite volatile, the problem of small spills (a few Dice core few gallons) during the loading and unloading of tank trucks is 
not considered serious. . 

The third area of concern is the impact of containment and clean- 
up of spilled methanol or water-methanol solution should a tank 
truck be involved in an accident or should the pipe fail. The 
clean-up procedure could result in considerable disturbance of 
the ground surface, leading to erosion problems. A related 
problem is the disturbance that would result from excavation and 
replacement of a segment of pipe that either failed the pressure 
test or had suffered some deformation during installation and 
backfilling. 

A fourth subject of concern is that the spent test liquid will 
have become contaminated with toxic materials from inside the 
pipe -- materials such as corrosion inhibitors and welding 
residues, This is of particular concern in the case of tests 
done with water, for the used water may be discharged directly to 
the environment with no opportunity to remove such contaminants. 

Finally, there are the problems associated with the discharge of 
the used test liquid, whether warm water or water-methanol 
solution. Careless discharge of very large quantities of water 
during winter even at the modest temperatures involved CEI 256 
+3°C), can seriously disturb the hydrological regime and thermal 
balance of the receiving waters, and so disturb the aquatic life. 
This problem also arises during the process of warming the pipe 
Frior to testing or if the pipe should fail during the test. With 
regard to the disposal of water-methanol solutions, both Canadian 
Arctic Gas and Foothills propose to use the same procedure. The 
testing solution is to be distilled, producing a distillate of 
about 70% methanol which is to be reused or burned in an 



| oa ¥? 

fb nett, Boe: ‘@arsisaenp- st pip shat tig etrupeue 
cao enottsiojqed deit no coagud Seaee 

as ves fase Leeisetrne FRO Bt . 

bas. \ rugitnahs bee att wo oka epee 20 SABES 
30 “nh ksetiee - ee Stay ren: Serre 

ie 3 78907 OTR ASIE om cos seine 3 7 epee, 

, pet torsdsea oe er ie . <a sad ais 
sax¢ oiigisote sd% sot? Ghai ore - neds er 

ac biapil bebliga ene te on oe tole ads te 
itt ah wot my amit: ed. fiw. be : - _ Fy ; a4 hk op “— 

ey" ] | 

a 
7 

ae. | ie 

a “seca aa eikige Lisme 30. 1 ON > baie 
b) etoitee Snes Ro pachennen ons paisa it, QORAAD) Ae 

ai =hfeere - . Spe ge DSzo! 

_ Ae a Onn Oars es i 

footer iginoo to ee ais 328 u tate, 

vor’ noisuioe tometitenes ad fon sealpeees 5 
_Afe% eat eae Slooda wo Sieh hose towne, 

Lemire ye a itgzeb Lato. § si ir , labeaescatictes 

bessist * samelenz no kets of pnifashl 99627208 

sobonenese wpe homer bitow said epaedere kb anne 
eis Res S#% yedtls Peay’ ‘ #0) SRRTEP® 9S ae. bee 

sisal lafens Tetd Sak Roker regs 2 _. pA a be : ? a 

ia re Cy geen 7.3. agen ree 
Tees 2A ATs Pf ee, Sealy 

tiv bine 2a toege PS, Ses, 
d+ eSiand moxrd, elst? ae 9S 6 ioe « 

DALP Sy, 5S! asos debt irr  eotaor 2 Ss ee one | 

SS Ewe td 2882 Bas Pa AP ORIORY ‘ame! see Ded Prteta peered (. 

Looe tte booxadoelb oc. Yo ‘ USBE * mae : ca pukshvainy sai 

asaimasiuog dope prones ya smissogge, & 1 SS a8 ORS 

Cad 

“> imnirg ee “2 be ens ae 

& et freih sig notte Sethtncaee aidoxgy ads sis Ssent 
lonely sires ow icae aevew # ; or ~ wyht Pa = 

1e3eW RO epistic¢nssp soxetl gs ise oar asiqisy, 
f+) Bevioval seivteres SESE wh nn Py & ASV « 

wuss jos enipss -aoige weed aor hleny Ad exp bacsenge. 
[ ob2aope ear dxnge to 2a ® aie eteU By. BST say = 

te ed per dareew Wo vee eS _ ee . i 
Rapiney ‘acl part bat fist. bi PORE “ £9 Se. 

as Tea. .2notteioe: aoe semmzded 136 T 
eribeoosd |mse rie te * beste =Q SLs. 
srailicelS # Ef 



Construction Services and Activities 
Pipe Testing 

incinerator. The residue from the distillation process is to be diluted to a concentration of not greater than 1% methanol and discharged to the environment by being spread on snow covered land surfaces or frozen water courses. It was also suggested that the 1% methanol solution could be disposed of directly into large waterbodies, provided it was discharged at a rate which would Frovide sufficient dilution in the receiving waterbody. . 

Both Canadian Arctic Gas and Foothills propose to re-use the 
water-methanol test fluid many times, and to store it from one 
construction season to the next for further use. Three methods of 
Storage have been proposed: in steel tanks, in bladder tanks or 
in completed sections of pipeline. . 

Detailed discussion of the problems of shipping, handling and 
storing methanol prior to its actual use in the testing procedure 
will be found in "Spill Prevention and Control". Discussion of 
the actual impacts of spills of methanol and water-methanol 
solutions on the aquatic environment will be found in "Pish 
Protection", 

The actual impacts of pipe testing, particularly should the 
pipeline or the testing procedures fail, are site-specific. . 
However, it is not possible to predict the locations at which 
problems are likely to occur. Therefore the recommendations are 
aimed at ensuring the development of procedures to minimize the 
likelihood of any problems occurring, and to minimize the impacts 
of such problems and the unavoidable impacts associated with 
disposal of the test medium. 

Detailed discussion of the impacts of repairing or replacing a 
segment of pipe will be found in "Emergency Repairs to the 
Pipeline and Right-of-Way". . 

RECOMMENDATIONS: THE COMPANY 

1. In order to minimize the risks of pipe failure during field 
testing and the resulting problems associated with repair or 
replacement of any segment of the pipeline, the Company 
Shall rigorously apply high standards of quality control 
during construction of the pipeline. 
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3. 

Construction Services and Activities 
Pipe Testing 

In particular, special attention shall be paid to the reliability of ail welding and the testing of welds, to the pipe laying operation and to the backfilling operation, including the placement of any bedding and padding materials necessary. 

The Company shall submit detailed plans for field pressure testing for the approbation of the Agency. 

In addition to complying with the requirements of the Gas Pipeline Regulations (National Energy Board, 1974) and C.S.A. Standard 2184-1973, pipeline testing will only be Carried out under a permit from and in the presence of a representative of the Agency. Each pipe test segment shall be covered by a separate application to the Agency, 
accompanied by: 

(a) The location or locations at which each of the 
following operations are proposed, details of the 
equipment and procedures proposed to be used, of the 
quantities and temperatures of water and methanol 
involved, and of the dates and times of the proposed 
operations: 

(i) water withdrawal (also see "Water Supplies and 
Intakes"), 

(ii) any pretreatment of the water, nature of residue 
and plans for disposal of residue, 

(iii) the heating of water and the filling of the test 
section or sections, 

(iv) the mixing of methanol with the water and the 
filling of the test section or sections, 

(v) the storage of water or water-methanol solution 
in the pipe between tests or from one construction 
season until the next, 

(vi) the emptying of the test section, and 

(vii) the disposal procedures for the test medium. 
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Construction Services and Activities 
Pipe Testing 

(b) Details of Site-specific contingency plans for each test section outlining methods of containment and recovery of spills of warm water, water-methanol or pure methanol, should the pipe or any associated equipment fail during testing, including methods of detection, notification, decision-making, containment, countermeasures, clean-up, disposal of warm water or water-methanol solutions and restoration, which 
adequately reflect concerms for vegetation, surface waters and wildlife habitats and which meet with the approval of the Agency, and including the specific 
locations of all catchment devices that will be built to keep spilled fluid out of waterbodies. 

(c) A thorough biological anda hydrological inventory of 
each site proposed for use during pipe testing 
procedures, together with an environmental impact 
report of the operations proposed, and including a 
discussion of the seasonal implications of the 
operation. . 

(dq) Any other information required by the Agency. 

Comment: The repair of any pipe that fails during testing shall 
depend on the availability of snow road access to the site of the 
failure. No extension of the construction season will be 
permitted for the repair of any section of pipe that fails during 
testing. 

4, Repair or replacement of any segment of pipe shall comply 
with the recommendations set out in the section on 
"Emergency Repairs to the Pipeline and Right-of-Way", 

5. The Company shall not use machinery or otherwise conduct the 
testing operation so as to harass or unnecessarily disturb 
or damage fish or wildlife or their habitat. 

6. Water withdrawal for pipeline testing shall comply with the 
recommendations contained in "Fish Protection" and "Water 
Supply and Intakes", 
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Construction Services and Activities 
Pipe Testing 

ae The test liquid effluent must meet effluent criteria Outlined in "Wastewater and Sewage: Camps and Facilities" and "Solid and Liquid Wastes: Construction/Inudstrial Activities", The treated effluent must also meet the criteria outlined in "Water Quality", 

Comment: The potential toxicity of the effluent from pipe testing Operations is a serious concern, and must be investigated before any effluent is dishcarged. Toxicity of the effluent to fish should be determined by a bioassay test. The procedures for the test should be specified by the Toxicity Coordination Committee of the Environment Protection Service, Department of the Environment, and should include Similar provisions to those outlined in the "Petroleum Refinery Effluent Regulations and Guidelines" (EPS/DOE, AI 7G) el: 

The preferred methods of disposal will be direct incineration or distillation, with the distillate burned or used. . Subject to site-specific Studies, the residue could be disposed of by being: 

(a) diluted to a 1% solution and metered into a flowing 
watercourse; 

(b) stored in a lagoon until natural or mechanical processes 
have reduced the concentration +o an acceptable level, and 
the resulting solution discharged directly into a flowing 
watercourse; 

(c) diluted and sprayed in a controlled fashion Onto a vegetated 
land surface, at a rate that will not exceed the 
asSimilative capacity of the area; or 

(d) diluted and sprayed in a controlled fashion onto a snow 
covered vegetated land surface or onto a large ice covered 
waterbody where sublimination, evaporation, dilution and 
biological degradation of the solutions are demonstrated to 
be within the assimilative capacity of the area. Spraying 
onto ice that is cracked, rotted or contains holes shall not 
be permitted. 

8.. The Company shall dispose of all test liquids, including the 
water used to heat the pipeline by treating it to reduce 
concentrations of oils, organic carbon compounds and 
particulates to acceptable levels before dishcarge. 
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Construction Services and Activities 
Pipe Testing 

9. Where a methanol solution is disposed of by Spraying onto land or ice covered water, the Company shall specify the method of controlled Spraying, the rate of spraying, the total load to be applied per acre, and all the environmental and other information used by the Company in developing the 
proposal. 

10. The Company shall store water-methanol test fluid from one 
construction season to the succeeding season in steel tanks 
or bladder tanks in accordance with the recommendations 
described in "Spill Prevention and Control", Test fluids 
stored in completed sections of Pipeline shall only be 
stored in sections which have been successfully pressure 
tested and have been approved by the Agency for storage 
purposes, 

SOURCES OF INFORMATION 

1 Transcripts, Exhibits, -Basic Documents. 

CAGPL Dabbs, D.L. . (89:13561-64) ; Hemstock, R.A. . 
(93314073-76); Holmberg, M.E. (3133923=25)% 
McCart, P.J. (88A:13392-93; 93:14069-73); 
Reid, C.M. (29:3676-77, 3988-89, 4003, 4118: 
3139/5750)"; *Wilitams ; .GeL. (132: 20 100-03) 

CARC . Millen, L.W.. (104:15958-60) ; Steigenberger, L.W. 
(t0e s5 95760) Stell lus Wwe (103: 15737=-38; 
104:15956-61); Walker, C.F. (104: 15957-60) 

COPE Pettigrew, R.K.. (126: 19236-38); Snow, N.. 
(1263 19138-40, 19222-23, 19280-81) 
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Construction Services and Activities 
Pipe Testing 
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1375 Response to NEB Deficiency Letter No. 7, 7 May 
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1974 Petroleum refinery effluent regulations and 
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1976 An environmental code for the proposed Mackenzie 
Valley gas pipeline. . 

Davies, K.F.. 
1974 Hydrometric data summary, Mackenzie River valley; 
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Foothills Pipe Lines Ltda. . 
1976a Hydrostatic testing using methanol water mixtures; 

NEB Exhibit N-PD-405.. 

1976b Cost comparison between warm water and methanol- 
water testing; NEB Exhibit N-PD-40Ss, . 

1976c Warm water testing, spread No. 5, Mackenzie Valley 
Pipeline; NEB Exhibit N-PD-494, 

National Energy Board 
1976 Transcript, Mackenzie Valley Hearing, GH-1-76: 

Foothills evidence, pp. 6210-19 and 6262-67. 

Parkinson, D., et-al.. . 
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S75 Effects of winter methanol spills on forest tundra 
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Ye 
: wae - ee 

ohbetia fO Snap thees- SRK 
‘holes prolsaLupes Sanne = Me on Loxtan . 

ef) ; tr 
oe Z - Bs i. -, ¥ 7 i : = ane Te . a oe _/ 

‘ é a e i ys ; ; 
l oe 

-pisqorosM Desogqoxug od? ot too fs dr pagphr mening I, Poa ; ae 

Sgr \ ae ay Tie iG 
i afin ly a 

aes > a ie 
' om a, ~ Q _ 
< pee 4 

iE _ ey be he a 
a . 

i = Dh — art, 
u" ff) Da Mee See 

1 q Tre 
sd] r » ,. 22> 

: «)-= = , os - 
. : a- Cane : 

sspssin LHyee. raaadsone vabne CeCe S! eek 
Y +t reo. é > i 

_ 2 7 7 = i, 4) Pe 
aC Reet ‘iiig, Pos . -- —— 

-ionaizem O06 nado a mer} 2eG jsaleagmeg Tees” * 
| «4 sBB 00 ORE ae as Se ror an {< eerie 

ae eee, ss POs ta _ “ef - 

eisna au ue ae ee bs me Ee eee re aD | 3 jot See Eidaaas “BSH, peabiagig. 
ie alte me as a “es 7 

saves “ao \parts ett ; 7 ie in 
3-cas¥ bas ti “Ors angles al 

&i ; ‘a 7 

eo focadsem, zo ete: im 2 an 
to Bea Ih SFL ae 

Ov s-0F<8, ois pItpag Tot SB. 
Lye 1 



Construction Services and Activities 
Pipe Testing 

LO LEAT naSels etal . 
1975 Report of the D.0.E.. Task Force on the Mackenzie Valley pipeline applicaticn, Pt. I, North of 60°; Canada, Department of the Environment. 
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SPILL PREVENTION AND CONTROL ee CONTROL 
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B. Equipment Deployment Schemes 
Land Operations 
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Construction Services and Activities 

SPILL PREVENTION AND CONTROL a EY CONTROL 

GENERAL RECOMMENDATIONS 

The Company shall take every precaution to prevent spills of fuels, chemicals and other environmentally noxious substances which will be used during the construction and Operation of a Mackenzie Valley pipeline. The Company shall ensure that hazardous substances are transported, transferred, stored, used and disposed of in manners that include best known methods presently being practised elsewhere, Improvements shall be incorporated wherever necesSary to better protect the 
environment. An early commitment to a Stringent spill prevention program shall be made by the Company in order that hazardous material handling equipment can be Specially designed, and 
personnel thoroughly trained to ensure maximum Spill prevention. 

The Company will be expected by government to have an appropriate 
emergency oOrganizatia to deal with any spills of fuel or 
chemicals which might occur during the construction and Operation 
of a pipeline through the Mackenzie Valley. Such an organization 
Shall have a workable written contingency plan which spells out 
how a spill emergency would be handled in the vicinity of the 
pipeline right-of-way and in areas downstream which could be 
affected. 

In order to ensure that a response to a Spill is prompt and that 
containment measures are as effective as possible, each man 
assigned to the spill teams must be trained to Carry out his 
required role. The Company shall provide this training of 
pipeline contruction and operation staff. 

The success of a spill contingency plan will depend on what 
equipment and materials are readily available for containment and 
clean up... The Company shall select equipment and materials which 
have been proven effective in arctic conditions. Specific plans 
of attack shall also be drawn up for emergency response to srfills 
from installations in each spread and for accidents which could 
occur along transportation routes. 

Accordingly, the following approach should be taken towards fuel 
and chemical spill control during construction of a gas pipeline: 
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(a) 

(d) 

(Cc) 

(d) 

(e) 

Construction Services and Activities 
Spill Prevention and Control 

Prevention should be the main thrust of a Spill control program, since this has the best chance of really 
succeeding in controlling pollution of the environment, 
As this is considered the top priority issue, many very 
Specific details are given in these recommendations on 
prevention facilities and programs. . 

Since the chances of containing and cleaning up spills 
On land are good, storage and transportation facilities 
Should be designed, product transfer procedures followed 
and contingency ‘plans formulated, to give maximum chance 
Of any spill emergency being handled on land. . 

Once fuel or chemicals enter larger watercourses where 
containment is unlikely, contingency planning should be 
oriented to first protecting Key, aquatic-bird, fish, 
marine mammal and human use areas in the Vicinity. of the 
Spas: 

Emergency spill clean up operations should be carried 
Out where an immediate response should afford the 
environment some protection from the Spilled material. 
If clean up equipment or activities would do more damage 
to the environment than the spilled material (e.g. .in 
high ice content permafrost areas, marsh areas in 
Summer, etc.), the areas should be monitored until a 
more suitable season for clean up, or until natural 
degradation of the product takes place. . 

At some spill sites, the Company should consider setting 
up experimental monitoring programs to develop better 
clean up techniques and to determine the impact of a 
Spill on the environment. 

DISCUSSION 

Introduction 

A great deal of evidence has been heard about the threat of oil 
and chemical spills. Arctic Gas has estimated in its Application 
that about 100 million Imperial gallons of fuel and methanol 
would be used in the construction of its gas line. Foothills has 
estimated that about 50 million Imperial gallons of fuel per 
season will be moved and stored in the construction of its line. 
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Construction Services and Activities 
Spill Prevention and Control 

Since these figures are Only estimates, it would not be Surprising if the final total amounts of fuels and chemicals used are greater than those quoted in the Applications. 

Transportation of fuel and chemical Supplies will use both existing facilities as well as new ones to be constructed. For example, Arctic Gas states that its System will include existing rail and road networks, the Mackenzie River barge System, air transportation and ocean shipping. Fuel transportation, storage specifications and designs are discussed in further detail in the Application. (CAGPL, Application, 13.a., tabs. 1.1, Suite (G04. BY. Separate, dyked areas, "sealed by an impermeable barrier will be used for fuel stcrage tanks. Small volumes of fuel (up tom500 bbl.) will be stored in "bladder tanks"; steel tanks may be used instead of, or in combination with, bladder tanks for larger quantities (up to 5,000 bbl.). Final selection of tank type will depend on several factors, €.g- volume, length of storage time, availability of land. etc. 

Tankers (either wheel or track-mounted, depending on terrain 
conditions) will transport fuel either directly to construction equipment or to tank Storage facilities. Smaller volumes of fuel 
will be stored at right-of-way facilities during operation of the 
pipeline. . 

Many expert witnesses testifying during the environment phase of 
the formal hearings and many people in the community hearings 
predicted major damages to aquatic birds, mammals, fish and and 
native peoples! traditional fursuits if spills occur in the 
Mackenzie River, Beaufort Sea and Yukon coast areas.. This threat 
is real because the volumes of fuel and chemicals used during 
pipeline construction are very large, the Company must be as 
prepared as possible to deal with spills. 

An overwhelming conclusion reached from the hearings, the 
technical literature and actual world experience, is that oil and 
chemicals once in water, are almost impossible to clean up unless 
exceptionally calm, temperate conditions prevail at the time of 
the incident. In arctic marine waters and rivers, these 
conditions are seldom present. 

The U.S. Environmental Protection Agency has estimated there have 
been about 13,000 spills of oil substances occurring annually in 
the United States since 1970. Fuel spills have occurred during 
construction of the Alyeska oil pipeline in Alaska. 
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Construction Services and Activities 
Spill Prevention and Control 

It is clear, therefore, that the extremely large volume of petrochemicals moved and stored during pipeline construction render spills inevitable, despite the best planning to control the problem. 

Limitations of Petrochemical Spr LeContro. Programs 

It must be clearly understood by all concerned with the building -Of a gas pipeline, that petrochemical spills will occur, that the technology for dealing with petrochemical spills is in its 
infancy and, as a consequence, some level of damage to the 
environment will result. The lack of effective technology for 
dealing with spills in, or on, solid and broken ice should be 
especially emphasized. 

When pipeline construction is underway, freight movement on the 
river will be extremely heavy and require the use of all or 
nearly all available air and floating equipment. The 
availability of equipment for immediate emergency will be 
minimal. Tugs with barges will have to secure their tows safely 
before they are available for emergency assistance. Thus, 
contingency planning mobilization to counter an emergency may be 
Slow at the outset and a more serious situation could develop 
from a comparatively minor incident than might normally be 
expected. 

The remoteness and large distances between centres of activity 
and supply will seriously affect the efficiency of*cilean up 
Operations. Communications concerning Supplies, refueling, 
feeding and housing workers, repair and servicing of clean up 
devices and general equipment will be complicated by these 
distances, . 

The following points should he recognized when planning spill 
ccntrcl programs for a Mackenzie Valley pipeline: 

(a) There will be extreme difficulty in deploying equipment 
On the EFroken ice, in cold temperatures, stormy seas, 
darkness and permafrost conditions experienced in the 
North. 

(b) Containment booms are relatively inefficient in current. 





(Cc) 

(d) 

(€) 

(f) 

(9) 

(h) 

(i) 

(3) 

Construction Services and Activities 
Spill Prevention and Control 

Fuel and chemicals could run under ice or leak through 
cracks, between blocks and fissures if Spilled on ice surfaces, ; 

Barges presently in use on the Mackenzie River for fuel transportation are not uniform. They vary in design, age, Size, equipment and layouts of piping and pumping 
Systems. This creates a potential for more Spill 
accidents. . 

The use of cargo transfer equipment by low skill or 
inexperienced personnel will increase the likelihood of 
Spill Sor 

The Mackenzie Valley River System is subject to periodic 
Summer flash floods when the river rises in the order of 
1"/hour with an attendant increase in current velocity. 
This affects the ability to deploy equipment and could 
cause damage to mooring and transfer pipeline 
connections. 

As there are insufficient storage and disposal 
facilities for picked up spillage along the route, 
arrangements for such facilities will require careful 
consideration. Tugs, barges and engaged in clean up 
vessels cleaning up spilled material at long distances 
from established centres will require off-loading of 
Spillage and absorbents when their holding capacity is 
reached or clean up operations will, of necessity, have 
to ke interrupted. 

The shallow shores of the Beaufort Sea and low marsh 
terrain of the Mackenzie Delta will be extremely 
difficult areas in which to operate Spill containment 
and clean up equipment. 

Some 40-50 million gallons of fuel oil will be 
transported by barges in the short river shipping 
season, hence there will be heavy use of equipment and 
probable necessity cf transfer operations in fast 
current and bad weather conditions at any time of the 
day. 

The shallow depth of rivers by late summer will make 
deployment of clean up equipment impossible or very 
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Construction Services and Activities 
Spill Prevention and Control 

difficult in some locations. At this season, fuels and 
chemicals could be transferred several times from ocean- going transport to shallow draft river barges, to deeper 
draft river barges and finally to land storage. 

(kK) Exposed river banks which are often soft mud will make 
deployment of clean up equipment difficult, 

(1) A rapid fall of a river following a flash flood would 
Spread a spill over soft mud on the banks. These areas 
would be difficult to clean UD. 

(m) A Mackenzie River current of approximately 3 miles per 
hour will disperse a spill for an appreciable distance 
in a short period of time. This will necessitate 
deployment of equipment, (vehicles, aircraft, boats, 
etc.) On very short notification of a spill Occurring. 

Statement of Possible Impacts on the Environment i 2S impacts On the Environment 

There are several studies concerning effects of oil and chemical 
spills on the environment. Conclusions differ widely, and many 
of the mechanisms involved in chemical and oil toxicity are not 
understood. 

As petrochemical spills may involve different types of compounds, 
the threat of pollution can be from the slick itself or from the 
toxic effects of petroleum fractions or chemicals. In the 
aguatic environment, some hydrocarbons and chemicals float on 
water surfaces, others settle to the bottom sediments, some are 
soluble and the many lighter ends evaporate. The most visible 
effects of a spill on wildlife are on sea birds and waterfowl. 
Oil will mat the feathers together on birds so they are no longer 
able to function for flight, water repellency or insulation. The 
birds generaily die by drowning or exposure once this happens. 
They are also harmed by the direct toxic effects of oil when 
ingested through preening their feathers in an attempt to rid 
themselves of contaminants. 

There is conflicting evidence on effects of oil on marine 
mammals. Petroleum product contamination of restricted areas, 
such as whale calving waters or seal haul-out sites, could cause 
some impact on populations using these locations. 
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Construction Services and Activities 
Spill Prevention and Control 

Effects on aquatic organisms are generally subtle, and might not be visible to the casual observer. Studies have indicated that Oil may affect aquatic life forms in the following ways: 

(a) direct kill of organisms through coating and 
asphyxiation; 

(b) direct kill through contact poisoning of organisms; 

(c) direct kill through exposure to water soluble toxic 
components of oil; 

(d) destruction of the generally more sensitive juvenile 
forms; 

(e) destruction of food resources of higher species; 

(£) incorporation of sublethal amounts of oil and oil 
products into organisms resulting in reduced resistance 
to infection and other stresses; 

(g) destruction of food values through the incorporation of 
oil and oil products in fishery resources; 

(h) incorporation of carcinogens into the marine food chain 
and known human food sources; and 

(i) low level effects that may interfere with any of 
numerous events necessary for the propogation of marine 
Species and for the survical of those species which 
stand higher in the marine food web. 

Oil can kill salt marsh grasses, marine seaweeds and fresh-water 
vegetation. This can lead to loss of food and habitat for 
wildlife and aquatic organisms and, if extensive enough, can 
result in erosion of sediments normally held stationary by the 
roots of these plants. Once contaminated, vegetation is 
extremely difficult to clean. It generally takes 2-3 years or 
more for well-oiled vegetation to cleanse itself and recover its 
former productivity. 

The biological effects of different fractions of oil on aquatic 
life may be summarized as follows: 
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(a) Low boiling saturated hydrocarbons produce anaesthesia and narcosis at low concentrations in a variety of 
Organisms. At higher cencentrations, they produce cell damage and death (aliphatic oxygen derivatives of 
hydrocarbons such as methanol have the Same effect). 

(b) Low boiling aromatic hydrocarbons, such as benzene, 
toluene and naphthalene, are the most toxic fractions of 
Oil to man and animals. 

(c) Higher boiling saturated hydrocarbons include compounds 
that may interfere with the nutrition and communications 
process in marine animals. This fraction of oil is rich 
in multi-ring aromatic compounds which include 
Carcinogenic agents. 

Chemical spills may introduce toxic or bioaccumulative chemicals 
(such as methanol or polychlorinated byphenyls (PCB's)), into the 
environment. The effects of these chemicals upon the biota 
depend upon the length of time that the organisms are exposed to 
the chemicals and the amounts introduced into the watercourse, - 
Very low amounts may be detrimental to young fish and 
invertebrates. Bioaccumulation (the build-up of pollutants in 
Organism tissue) is also a potential probelms with PCB's, 
However, the full effects are not yet known. . 

Substances such as chlorine, used for drinking and wastewater 
treatment, could also present a potential toxicity threat to the 
aquatic environment. 

In addition to the biological effects of petrochemical pollution, 
numerous non-biological effects also exist and should be 
considered. These non-biological effects could result in 
economic or aesthetic impacts to an area, for example: 

(a) fouling of boats, wharfs and commercial or domestic 
fishing gear and other marine structures; 

(b) the problem of a hazard to water-using industries such 
as power stations, gas plants and refineries; 

(c) the reduction in recreational opportunities such as 
boating, swimming and sports fishing. A spill could 
seriously affect the tourist industry in a particular 
area for a period of time; 

= 40 = 
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Construction Services and Activities 
Spill Prevention and Control 

(dq) contamination of water supplies; and 

(e) the fouling of specific land Status areas such as parks, ecological reserves and lands and waters used by native 
peoples in their traditional pursuits. 

Perhaps one of the most damaging spills which could occur during a Mackenzie Valley pipeline project, would be a fuel release from barges or ships along the Beaufort Sea coast or Mackenzie Delta areas. Marine mammal, bird and fish life would be very sensitive to fuel or chemical pollution in these areas. Ice flows could hamper spill control activities and could increase the 
environmental damage by allowing any spilled material to spread 
over wide areas, 

The spill problem during construction of a gas pipeline is one of 
Significant magnitude because of the very large amcunts of fuel 
and chemicals involved and the poor technology to control spills in northern waters. In combination with other petroleum related 
development in the westerm Arctic, long term impact on the living 
environment could result. 

The subject of spill prevention and control is a broad one that 
requires many in depth stipulations. Existing legislation 
contains few regulations that are specific. Therefore, the 
following detailed recommendations for preventing and responding 
to spill problems are deemed essential at the outset of the 
project. 
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RECOMMENDATIONS: THE COMPANY 

Overall Plan 

1. 

2. 

Before final design and at least 90 days before any Submissions are made for site-specific approvals, the Company Shall prepare for government approval an Overall Plan for the handling, spill prevention and control of hazardous/toxic substances and petrochemicals to be used during construction, Operation and abandonment of the pipeline. The Overall Plan Shall be cognizant, by means of Overlays or graphic 
presentations on the same scale, of other Overall Plans as 
described elsewhere. (See, for example, "Wastewater and 
Sewage: Camps and Facilities",) 

The Overall Plan shall Outline, in map form, the physical and 
biclogical envircnmental knowledge necessary to adequately 
protect the living resources along the pipeline corridor. To 
be useful in emergency spill control Situations, the 
following information must be included: 

(a) waterfowl and seabird concentration areas along the 
pipeline corridor and transportation routes; 

(6b) fish spawning and Overwintering areas along the pipeline 
corridor; 

(c) ocean currents and wave regimes along the Beaufort Sea 
transportation routes; 

(qd) wind conditions along the Beaufort Sea transportaticn 
routes; 

(e) ice movement, freezeup and break up dates in the 
Mackenzie, its tributaries and Beaufort Sea coast; 

(£) locations of water intakes along the proposed corridor, 
for temporary and permanent domestic (potable) use, as 
well as those for industry and construction; 

(g) location and times of use for all domestic, commercial 
and sports fishing sites along the proposed pipeline 
corridor: 

“2 
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(2) 

(3) 

(k) 

(1) 

(m) 

(n) 

(0) 

(p) 

(q) 

(xr) 

Comment: 
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general hydrology of the Mackenzie River and tributaries and any Yukon water courses crossed by the proposed Pipeline (i.e. potential Spill containment sites should be chosen when this information is available); 

locations and boundaries of ail existing and proposed parks, I.B.P. sites, bird sanctuaries and other 
ecological reserves; 

locations of all small craft harbours Or use areas along the pipeline corridor; 

locations of designated floatplane landing and take off 
areas; 

locations of marine vessel docks and landing sites; 

locations of settlements and hunting and fishing areas 
and camps; 

locations of archaeological or historic sites which 
could be adversely affected by spills; 

locations of rare and endangered species habitat; 

locations of all petrochemical and hazardous and LOsLC 
chemical transportation routes, storage areas and their 
times of use; 

volumes of petrochemicals to be moved along various 
routes and stored at the various locations; and 

a list of all hazardous and toxic substances to be used 
in various specified locations which includes: the name, 
properties and use of each substance, the volume, the 
toxicity data (if available), the proposed method of 
packing, transporting, transferring and stowing for each 
substance, and the proposed method of disposal. 

"The term hazardous and toxic substance" includes any 
product or substance that is or contains a poisonous, toxic, 
inflamable, explosive or corrosive product or substance of 
Similar nature which upon release or escape to the envircnment 
may cause or may contribute to a harmful effect on the 
environment and on human health and safety. It covers chemical, 
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toxic, hazardous and similar gaseous, liquid and solid substances and wastes but excludes liquid and solid municipal wastes, 
pathological wastes, non-toxic and non-hazardous commercial and industrial solid waste, contruction debris etc. The Company Should be aware of Environment Canada's EPS publication "Code of Good Practice for Management of Hazardous and Toxic Wastes at Federal Establishments. (See also: "Solid and Liquid Wastes: Construction/Industrial Activities", ) 

3. The Overall Plan shall document Spill control plans, facility 
designs, transport schedules for fuels and chemicals, 
contingency flans, and all training programs. Documentation 
Shall include: 

(a) specific contingency plan for each spread; 

(D) operation procedural manuals for each Spread and for 
each product transfer terminal and storage facility; 

(c) detailed designs for fuel and chemical storage 
facilities, product transfer equipment, and 
transportation vessels and vehicles. Plans for these 
facilities shall include: 

(2) a summary of the physical and biological 
environmental conditions in the area Surrounding 
installations; 

(ii) a complete set of detailed engineering drawings; 

(iii) a complete set of operating standards, including 
such information as volume through-puts, number of 
operating personnel, period of usage, expected life 
of the installation, abandonment criteria, 
environment protection criteria and environment 
restoration plans; and 

(iv) an outline of inspection and construction 
requirements for each facility. . The Company shall 
be responsible for coordination of specified 
inspections with the Agency; 

(d) training programs and schedules for personnel handling 
hazardous or toxic material; and 

- 1f — 
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(e) the location and nature of areas for disposing of contaminated materials such as ea rth, natural and Synthetic aksorbants and driftwood. 

As the pipeline construction and Operations progress, the Company shall provide updates to its Overall Plan for Hazardous/Toxic Substances and Petrochemicals so that the Plan always reflects the most current information. 
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Spill Prevention and Control 

Spill Prevention from Storage and Transportation Facilities 

Comment: Spill prevention is like a Safety program. A great deal of training and supervision cf personnel on a continuous basis is 
required to ensure that good Spill prevention practices are 
follcwed. Correct operation of storage facilities is 
particularly important. A continuous inspection program of 
storage facilities is necessary to ensure that they are 
maintained in good repair. 

Spills will occur due to error on the part of operating personnel 
or from equipment failure, Facility location, design and 
construction must be such that environmental damage is minimized 
when spills occur. Since few specific regulations to ensure 
Spill prevention are presently in force, the following 
recommendations will minimize the likelihood of a Splrs 
OeCCur7 1nd. - 

A. Tankfarms 

5. Reinforced concrete or earthen dykes shall surround all 
above-ground tanks for spill containment. Concrete dykes 
shall be a minimum of two feet (60.96 cm) high, and eartherm 
dykes shall be a minimum of three feet (91.44 cm) high. 

6. Dyke heights required shall be as outlined above or as 
calculated below, whichever is greater: 

1 foot plus capacity of largest tank plus 10% of 
capacity of all other tanks divided by effective 
tankfarm area, 

The effective tankfarm area equals overall area surrounded by 
dykes less tank floor area (excepting the area of the largest 
tank) < 

The above calculation shall be in cubic feet for volume and 
square feet for area. 

7. Permanent tankfarms shall be rendered virtually leak-proof by 
ensuring a maximum soils percolation rate of 5 x 10-6 cm/sec. 
This may be accomplished by locating the tankfarms in areas 
that have suitable natural soils, by importing such soils, or 

a 
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by preparing a suitable soils mix with additives and lining the tankfarms with the imported or prepared soils. These 
soils shall ke protected with a minimum 10 inch thick cover 
of gravel to prevent physical damage, 

8. Temporary tankfarms shall conform to percolation rate 
‘requirements specified for permanent tankfarms. The criteria 
may be met in the same manner or by use of oil resistant 
polyvinyl chloride (Pvc) or urethane membranes specifically 
manufactured for the purpose. Membranes shall be protected 
against mechanical damage by using a 6 inch protecting layer 
of sand on each side, 

9. PVC membranes are structurally brittle below 0°¢C and shall 
not be used if in contact with frozen ground. Urethane 
membranes are short lived and must not be used in 
installations which have a life of greater than two years. 

10. Tankfarms constructed upon permafrost shall be engineered 
considering: 

(a) insulation of permafrost from the tanks and other 
Structures to ensure that tank contents or structures do 
not cause melting; and 

(b) soils investigations to ensure that the permafrost will 
Support the loadings placed upon it without settlement 
Or movement. 

B. Underground Steel Storage Tanks 

11. Underground tanks shall not be installed in permafrost. 

12. Underground tanks shall be buried a minimum of three feet, 
Shall be surrounded with a minimum of 12 inches of clean sand 
and shall be covered with reinforced concrete slabs in 
traffic areas. 

13. Underground tanks shall be constructed to Underwriters? 
Laboratories of Canada (ULC) Standards S603 and/or S603.1. 

14, Permanent underground tanks shall be protected by use of 
anodes.. Test points shall be installed for anode testing. 

=_— (7 = 
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Ce. Above-Ground Storage Tank Standards 

15. Above-ground shop fabricated tanks Shall be constructed to 
Underwriters' Laboratories of Canada (ULC) Standard S601. 

16. Above-ground field fabricated tanks shall be constructed to 
American Petroleuum Institute (API) Standard 650. 

17. In all cases, the Company shall prepare a proposal for 
government approval for steel type and welding specifications 
to be used on metal tankage. Specific areas of concem 
include protection against brittle fracture of steel by 
specification of a Charpy-vee Notch impact requirement. 

18. Bladder tanks shall be used for temporary storage only. The 
tanks shall meet Underwriters' Laboratories of Canada 
tandards or government specifications for their intended use 

and shall not be used if atmospheric temperatures can be 
lower than the minimum temperature for usage recommended by 
the manufacturer. The tanks shall be installed on a bed of 
sand at least 12 inches thick. 

D. Storage in Floating Equipment 

19. Storage of fuels and petrochemicals in vessels used for 
transportaticn or in any other floating vessel shall be 
prohibited except at designated wharf locations. All such 
storage shall be specifically approved by the Agency. . 

Storage Afloat: 

20. The use of floating storage shall be prohibited in ice 
conditions unless the barges or vessels are fully protected 
from moving, floating ice and from being held fast in frozen 
river or sea water.. However, special consideration may be 
given in specific instances for ice strengthened barges or 
vessels specifically designed for the proposed service with 
adequate mooring and docks of adequate strength to support 
the load involved. 

21. It is not recommended that barges be used for storage in 
waters where there is an appreciable current. If the current 
exceeds three knots, the use of floating equipment for 
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storage purposes shall be prohibited except for periods which 
can reasonably be considered to be waiting periods for off 
loading (three days). 

22. Barges or vessels may be used for storage in waters that have 
no appreciable current, such as lakes, provided that ice 
conditicn requirements outlined above are met. The barge 
shall be surrounded by a floating containment boom. The 
mooring arrangements shall be checked every 12 hours anda 
record kept of times checked and mooring arrangement 
conditions. ; 

23. Daily recordings and reconciliations of cargo tank ullages 
Shall be carried out on all barges or vessels used for 
floating storage. . 

Storage Ashore: 

24, All dyking requirements for fixed tankage storage shall apply 
te floating equipment used for storage on land. 

25. As the bottom structure of most barges will not be designed 
_to support the weight of full fuel tanks when out of the 
water, the underside shall be shored in a manner approved by 
the Agency for the specific vessel used.. Care must be taken 
to ensure that the shores take the load at major structural 
members, and not at unsupported panels of plating. 

1 Drum Storage Areas 

26. Drum (full or empty) storage areas shall incorporate a 
concrete slab or equivalent impermiable ground cover (eg. 
Steel plates) graded so that all leakage collects at one 
location. 

27. The storage areas shall drain to a sump and oil separator in 
the case of petroleum storage. . 

28. Specific approval of plans for disposal of other petro- 
chemicals, hazardous materials etc., shall be obtained by the 
Company from the Agency. 

4 
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Fe. Pipelines and Fittings 

29. All barge, vessel and petrochemical facility pipelines shall 
be of steel or steel alloy material suitable for specialty 
product service and consist of welded or welded flanged 
joints of the applicable pressure rating. 

30. Valves and other pipeline fittings shall be of forged or cast 
steel alloy construction suitable for the temperature 
conditiors encountered. There is exception for inside vessel 
or barge hull valves which may be of cast iron. 

Ge Location of Storage Facilities and Routing of Petrochemical 
Transport 

31. Bulk storage of petrochemicals shall not be located within 
three quarters of a mile of waterfowl concentration areas or 
within 1000 feet of any waterbody. Floating storage is 
excepted from the latter requirement. . Storage sites in the 
Mackenzie Delta could be located closer than 1000 feet to 
watercourses, if approved by the Agency. . 

32. Total capacity at any one site in the Mackenzie Delta shall 
be limited to the amount of bulk fuel and chemicals actually 
required to construct adjacent Delta facilities. Storage 
tankfarms should be located on stable, high, "old Delta! 
ground. 

Comment: The environmental sensitivity of the Delta combined with 
its low topograph and susceptibility to storm surges, floods etc. 
make it necessary to very carefully control activities and 
facilities associated with things like fuels. The potential 
problem is such that every effort must be taken to avoid the risk 
of a mishap. Limiting the size of each storage site is one such 
measure. The Agency may stipulate a maximum capacity for bulk 
storage areas in the Delta. Generally, the maximum tank size 
will be limited to approximately 125,000 gallons (equal to about 
On quarter of a barge load) and only one tank shall be drawn from 
at a time with all other tanks locked closed. 

33. Loading/discharge fuel terminals shall be located downstream 
of general cargo loading/discharge berths to reduce explosion 
and fire hazard. 

Se 





34, 

35. 

36. 

37. 

Construction Services and Activities 
Spill Prevention and Control 

Sites for bulk storage and handling areas shall have a 
maximum surface slope of 2%. Such sites are preferred 
Fecause of the physical requirements of storage and handling areas. . Drainage flow velocities are generally of the order of magnitude to permit control of runoff water. 

Routing cf waterbome petrochemical transport shall not be 
through large waterfowl concentrating areas or ecological 
preserves. If possible, routes avoiding waterfowl 
concentration areas by at least three quarters of a mile 
Shall be used. Considerable research and field work to 
establish a complete evaluation of living resources such as 
waterfowl, marine mammal areas, and human habitation sites 
will be necessary in locating transportation routes. 
Navigation hazards and practicability of landing and wharf 
sites must also be considered. The transport routes designed 
and approved shall be used exclusively. 

River and ocean transportation of fuels and chemicals shall 
be subject to the following conditions: 

(a) fuel or bulk chemical cargo movements on a river or in 
the Beaufort Sea should not begin until the ice 
Situation and attendant level of water and current flow 
are such as to not hamper containment and spill clean up 
activities (this date may vary from year to year); 

(b) fuel and bulk chemical cargo movements on a river should 
be suspended in the event of a rapid change in river 
water level and/or current; and 

(c) fuel and bulk chemical cargo movements on a river and in 
the Beaufort Sea should be completed before the danger 
of entrapment of vessels and barges by freeze up (this 
date may vary with the year). 

If petrochemical transportation, transfer, storage, or waste 
disposal procedures are found, after application, to be 
unsuitable to protect the environment adequately, they shall 
be altered. Re-routing of supplies, relocating storage 
facilities, or redesigning of transfer and disposal equipment 
may be required. 
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Construction Services and Activities 
Spill Prevention and Control 

He. Marine Transporation Facilities 

38. Ships or barges used to Carry petrochemical products in bulk for this project shall be classed by a recognized 
international marine classification society, such as American Bureau of Shipping or Lloyd's Register of Shipping, or 
approved by the Canadian Coast Guard Ship Safety Branch. 
They shall be built to the appropriate society's or branch's rules, and constructed under its supervision. 

39. Subdivision of the cargo tanks shall be to the requirements 
of the Oil Pollution Prevention Regulations, Amendment dated 
September 6th, 1973. 

40. Operation, ccnstruction and outfit shall be to the 
requirements of the Load Line Regulation. 

41. Standard present practice is for fuel barges to also carry 
deck cargos but in many instances Spill prevention fittings 
and arrangements are incompatible with Carriage of deck 
cargo. This means that existing barges will require 
modification and new equipment will require different design 
and arrangements. The Company shall detail design changes 
that will be made to present practices so as to ensure spill 
prevention and control. 

i. Petrochemical Transfer Areas for Marine Operations 

42. A spill guard shall be fitted around the deck perimeter of 
barges or tankers to contain major spills occurring during 
transfer operations. A 12 inch high guard is usually 
adequate, but a greater height shall be required if the deck 
is cambered, or if the ship usually operates with trim. 
Drain openings shall be required in this spill guard to 
prevent the accumulation of rainwater or spray when underway. 
These openings shall be frovided with wooden wedge-shaped 
plugs, or screwed cap plugs on keep chains, which must be 
fitted during transfer operations. A strip of deck outside 
of the spill guard shall be painted white to allow easy 
visual identification of a flow of liquids over the side. 

43. To contain minor spills to a smaller area than the whole 
deck, other spill guards shall be fitted around the "make- 
break" connections, tank vents and hose stowage racks. 
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46. 

47. 

48. 

49. 

Construction Services and Activities 
Spill Prevention and Control 

As far as practical the following items shall be grouped together to aid surveillance during transfer operations: loading and discharge manifolds, cargo tank vents, flow meters, level gauges and pump controls. 

At the loading and discharge manifolds, bolted flanges or quick operating flange-type connections shall be used. 

Loading and discharge manifolds whether On marine 
transportation vessels or on land shall be fitted with spill guards of sufficient capacity to contain an amount of liquid Spilled from a manifold connection equal to the throughput during the time it takes to stop the flow in an emergency. The capacity shall be determined by the design shut down time.. In no case shall a manifold be installed hanging clear over water or land. 

A positive means of draining the manifold and hose lines Shall be provided. This can be achieved by fitting a pump 
recirculation connection to enable the discharge pump to 
deliver product back to the ship's tank instead of to the 
shore facility during discharge operations. Test cocks shall 
also be fitted to enable the Operators to check that the 
iines are purged before disconnecting the hoses. 

The complete deck area, and all areas where operations may be 
carried out during the hours of darkness, shall be adequately 
lighted. The following minimum levels of illumination shall 
be provided: 

(a) internal spaces such as pump room: 15! candles; 

(c) exterior deck at manifolds and pump controls: 10% 
candles; and 

(c) entire exterior deck other than above: 5! candles. 

For spill prevention and general safety, the following 
precautions against fire must be taken: 

(a) All electrical motors, switches, etc., shall be of a 
Suitable type for use in explosive atmospheres. 

(b) All (cargo tank vents shall have flash screens. 
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(Cc) 

(d) 

Construction Services and Activities 
Spill Prevention and Control 

A foam firefighting system shall be permanently 
installed on the deck. This shall be capable of 
Supplying foam to any part of a deck, and have a 
Capacity of 0.11 Imperial gallons per square foot of 
deck per minute for a total of twenty minutes, (Further requirements are contained in the Fire Detection and 
Extinguishing Equipment Regulations of the Canada 
Shipping Act). 

Any machinery spaces shall be protected by an automatic 
carbon dioxide or similar total flooding system. This 
System shall automatically shut off all ventilation to 
the affected space in the event of fire. Also, adequate 
dry chemical fire extinguishers shall be provided and 
large "No Smoking"' signs in languages and/or symbols 
understood by all people on Site, shall be displayed at 
the gangway, the manifold and at other locations as 
necessary. 

50. Material shall be available on the vessel to soak up any 
minor spillage contained by the Spill guard. The following 

'" items are required for this purpose and shall be stowed ina 
convenient water tight and lockable locker on the deck: 

(a) 

(b) 

(c) 

an appropriate quantity of natural cr a commercial 
absorbant material; 

an empty oil drum; 

plastic garbage bags; 

shovels, rakes and brooms; and 

rubber gloves and boots. 

J. Transfer Point Procedures for Marine Operations 

Comment: There are no set transfer procedures set by regulation. 
It must be understood that there is no substitute for 
conscientious, well-trained personnel, willing to take the 
necessary precautions. "Cutting of corners" during operations, 
in order to save time or effort, invariably increases the chances 
of an accident and the severity of an accident should it occur. 
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Construction Services and Activities 
Spill Prevention and Control 

Continuous training and supervision of work practices is required. 

The following operating steps shall be incorporated into procedures which are developed to reduce the possibility of Spillage, and to mitigate the effects of Spills should they 
occur, 

51. At all times during loading or discharge of liquid CLOGUCTE, 
Suitably trained and certified personnel must stand by at 
both the receiving and discharge points. For tanks 1000 feet 
from transport unloading sites, the cargo discharge point on 
the vessel, receiving point on land, and tankfarm receiving 
point shall all be manned (three people). The person at the 
receiving facility shall constantly monitor tank level gauges 
and/or ullages, flow meters and survey tank vents. The 
person at the discharge point shall remain adjacent to the 
pump controls and pump recirculation connection. The hoses 
and "make-break" connection shall also be watched. All 
personnel shall be fluent in the same language and be 
equipped with two-way radios for good communication and co- 
ordination. A supervisor employed by the Company and 
responsible for the operation shall be present to oversee the 
whole operation. . 

92. Berth operatcrs and crew at marine facilities shall be 
trained and be competent in all vessel and transfer 
Operations including: 

(a) vessel mooring procedures; 

(6) transfer connection procedures; 

(c) shoreside and vessel cargo flow routing, loading phases 
and system timing details; 

(d) methods for adapting to different mooring and cargo 
transfer situations expected at the berth/terminal; 

(€) prescribed operating procedures for a particular berth; 
and 

(£f) emergency and contingency procedures and plans for the 
particular berth/terminal. 
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58. 

59. 

60. 

Construction Services and Activities 
Spill Prevention and Control 

During operations involving the transfer of product to or from vessels, all plugs in the spill guards shail be in place, .If there is heavy precipitation, it may prove necessary to drain any accumulation of water by removing these plugs. If this is done, the transfer Operation shall be stopped during the time that the plugs are not in place. 

Transfer of product shall not be carried out if more than 1 inch of water is contained by the spill guards. 

When "topping off" the receiving facility, the rate of flow 
of product shall be reduced. Before disconnecting the hoses, 
Care shall be taken to purge the lines, and check that they 
are purged, before the connection is broken. | 

Fire prevention regulations such as "No smoking" rules shall 
be strictly enforced, and adequate fire extinguishers shall 
be available adjacent to the transfer location. Personnel 
shall be trained in the techniques of fighting 
petrochemical/hazardous substance fires, 

Products shall not be transferred to or from water-borne 
transport during darkness (or at any other time when 
visibility is restricted) unless the area is adequately 
illuminated. 

In fast-flowing rivers particular attention shall be paid to 
the mooring arrangements of barges. Mooring lines shall be 
of adequate strength for the size of the vessel, and four 
lines should be employed, two forward and two aft. All lines 
shall use separate cleats or bollards, both on the ship and 
the shore. The mooring arrangements shall be checked 
regularly by a watchman (preferably at least once every hour) 
TOeenSsure- that all is in order. 

In tidal waters, or in waters such as lakes where fast 
currents are not present, all fuel transportation equipment 
Shall be surrounded by a floating containment boom during 
transfer of product. This boom could be carried by the 
vessel, but would normally be stored at the wharf. 

To keep all Transfer systems in good order, a detailed 
preventative maintenance schedule shall be implemented which 
includes the following: . 
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(a) 

(b) 

(Cc) 

(d) 

(e) 

(f) 

(g) 

(h) 

(i) 

Construction Services and Activities 
Spill Prevention and Control 

pumps shall be opened up for inspection once every 12 
months, preferably at the start of each season; 

valves shall be opened up for inspection once every 12 
months, preferably at the start of each season; 

hoses shall be visually inspected for damage before each 
use, and once every 12 months, preferably at the start 
of each season shall be hydraulically tested to a 
pressure equal to one and a half times their maximum 
working pressure; 

rigging shall be visually inspected for damage before 
each use, and once every 12 months, preferably at the 
Start of each season shall be Statically tested to one 
and a half times its rated Capacity; 

alarms shall be tested for correct operation before each 
use of the system; 

gauges and meters shall be visually checked for correct 
Operation at each use; 

fire fighting equipment shall be inspected in accordance 
with Fire Detection and Extinguishing Equipment 
Regulaticns of the Canada Shipping Act; 

mooring lines shall be visually inspected for damage 
before each use, and shall be replaced every 24 months; 
and 

floating containment boom shall be visually inspected 
for damage before each use, 

Ks Petrochemical Transfer Areas for Land Operations Ae Ee hemi cat stansrer mreas tO0r Land Operations 

61. All transfer areas including but not limited to tank truck 
loading, drum filling and vehicle fueling, shall have spill 
collection facilities as outlined in the section "Drum 
Storage Areas", 

Se 





Construction Services and Activities 
Spill Prevention and Control 

L. Transfer Point Procedures for Land Overations ee ereeceurress FOr Land Operations 

62. All transfer points shall be controlled by fast acting valves so that the flow of product can be immediately terminated 
upon failure of hoses or other equipment, or occurrence of a 
fire. 

63. Transfer operations shall be constantly monitored by 
personnel who shall be in attendance during the entire 
transfer period. . 

64. Statements made in "Transfer Point Procedures for Marine 
Operations", concerning transfer point illumination, no 
smoking regulations, fire fighting capabilities, fire 
extinguishers and relevant points in the preventative 
maintenance schedule shall apply. 

M. Waste Petrochemical Randling 

65. Top-drainage lubrication oil change areas where oil is 
removed from crankcases by mobile or fixed suction pumps 
Shall not require special protection. 

66. Bottom-drainage lubricating oil change areas shall be 
Supplied with concrete slabs or equivalent (e.g. steel 
plates) suitably graded to a sump and petroleum separator to 
ensure that any spillage does not contaminate the Surrounding 
area. 

67. Spent lubricating oil shall be disposed of by either of two 
means: 

(a) shipped to a refinery for use as feed stock, or to an 
Oil re-refiner (e.g. Norman Wells); or 

(b) burnt in an incinerator specifically designed for the 
purpose, 

68. Proposals for chemical disposal shall be made to the Agency 
in each case that disposal is contemplated. A formal 
approval must be received by the Company before disposal 
steps are taken. Generally, the disposal shall conform to 
the "Code of Good Practice for Management of Hazardous and 
Toxic Wastes at Federal Establishments." (DOE 1976). 

- 28 - 
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Construction Services and Activities 
Spill Prevention and Control 

Contaminated Runoff Control mete tt so nunorr control 

It may not be practical cr possible to collect all petroleum leakage and spills at each small petrochemical storage facility in living and work areas, Therefore, runoff water storage pits shall be installed immediately adjacent to these areas to pick up all runoff so that it may be inspected and tested for petroleum content. 

Storage pit design shall be sized to contain a Minimum of 48 
hours' water runoff from the area drained. The rate shall be 
based on the maximum 24 hour runoff rate for the ten year 
storm return period. . 

In permafrost, pits shall be insulated as required to afford 
protection to the surrounding soils. 

Permanent storage pits shall be constructed with soil liners 
to prevent leakage to the environment. Percolation rates 
Shall be less than 5 x 10-6 cm/sec, | 

Temporary storage pits shall conform to percolation rate 
requirements specified for permanent storage pits. The 
criteria may be met in the same manner or by use of oil 
resistant polyvinyl chloride (PVC) or urethane membranes 
Specifically manufactured for the purpose within the 
restrictions outlined in the recommendations for tankfarms. 

Storage pit water shall not be released to the environment 
until it is ascertained that the oil in water concentration 
2S less than .5 ppm. 

Surface runoff water from petroleum storage and handling 
areas will inevitably contain petroleum products. This oily 
water shall be collected at the source of contamination and 
transported in closed leak-proof drainage systems to a 
separator facility. 

All runoff water from petroleum storage and handling areas 
shall be drained to a collection pit after treatment in the 
Oil-water separation facility. The pit shall be used for 
inspection of water to ensure purity before release to the 
environment. Oil skim on water shall be removed using 
commercially available aksorbents which shall be incinerated. 





Oise 

Construction Services and Activities 
Spill Prevention and Control 

Concentrations of petroleum in discharge water shall be less 
than 5 prem. 

Ice and snow contaminated with petroleum products shall ke 
stored in storage pits until melted by mild weather, 
Commercial absorbents shall be used to collect the oil which 
shall be incinerated, 
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Construction Services and Activities 
Spill Prevention and Control 

Contingency Planning BCE ba Spill Control 

Contingency planning is the key to effective spill management. It is essential that the Company's plans are complete, understood and ready for immediate implementation. The following section is an outline for what constitutes an acceptable contingency plan. 

A. A Statement of Purpose 

78. Contingency plans shall be prepared within the following 
terms of reference: 

(a) To inventory and marshal trained manpower, equipment and 
information to provide as effective means as possible 
within the limits of presently available technology of 
dealing with any particular incidents which may arise. 

(b) To enable prompt action which will control as much as 
possible the overall effect on the environment and the 
local community interests, 

(c) To enable the Company to discharge its responsibilities, 
both legal and otherwise. 

(dq) To establish appropriate lines of communication and 
liaison with public authorities and communities involved 
or affected. 

Be. The Scope of a Plan 

79. The plan shall include spill emergency schemes on everything 
within the right-of-way and support facilities. It shall 
also take into account accidents or environmental extremes 
which could originate outside or spread beyond the right-of- 
way boundaries such as oil or chemical spills from other 
Operations in the area, flooding, landslides and vandalism. 
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Construction Services and Activities 
Spill Prevention and Control 

Cc. The Planning and Response Elements 

80. This part of the plan shall explain how the contingency flan is organized, how it fits into other plans in the area and how the emergency response shall be co-ordinated. The 
petrochemical and hazardous materials Spill contingency plan 
for a pipeline shall be designed with components similar to 
the follcwing: 

(a) 

(b) 

(c) 

a 

(d) 

(e) 

Headquarters Spill Team, comprising a chairman, deputy 
chairman, environmental affairs advisor, legal advisor, 
and and public relations advisor... This team shall 
initiate, authorize and co-ordinate matters of policy, 
organization and technology, and will become directly 
involved only in very large or serious oil Spills. 

Spread Spill Teams comprising heads of operating and 
service units located in the spread. An on-scene co- 
ordinator, logistics manager (transportation, 
communications and accomodation), equipment manager 
(clean up devices and materials), manpower manager 
(company employees and contractors), public information 
Spokesman and office services manager will be appointed 
from this staff... These teams shall organize and approve 
contingency plans and equipment procurement for their 
Spread; communicate and co-ordinate action of the on- 
scene co-ordinator (see 'd't below), and shall show 
awareness of spills occurring within the spread. 

Spread Spill Team Staff Groups composed of personnel 
from the operating and service units located in the 
spread. These groups shall prepare plans, specify 
equipment and man operating centres during responses to 
spills. 

On-Scene Co-ordinators, appointed from spread personnel 
by spread spill team. They shall assume responsibility 
for directing Company action in spills when directed by 
the spread spill team. 

Operating Units appointed from spread personnel by 
Spread spill team. They shall handle spills within 
their own spread operations, have custody of spread of 
Spread spill equipment, participate in local industry 

- 32 - 
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co-operatives, train personnel and furnish manpower as requested by the on-scene co-ordinator. 

A Spill Reponse Centre shall te pre-designated as the Operations co-ordinating centre to implement contingency plans for spill emergencies in each spread. 

D. Company Policies and Responsibilities 

81. A brief point form outline of senior management directives on policy matters, legal requirements and environmental 
responsibilities shall be included in the Contingency Plan. 

E. Response Operations 

82. Actions taken to respond to a Spill incident can be divided 
into five overlapping phases. These are: discovery and. 
notification; containment and counter-measures; clean up and disposal; restoration; and settling of damages, clean-up 
costs and fines. 

Discovery and Notification: 

Spill discovery could be the result of casual observation or 
by routine facility checks by the Company staff and 
contractors. . Notification includes internal Company 
organization reporting and external government, affected 
public and possible news media alerting.. The following steps 
Shall be taken by the Company to ensure that Spills are 
Fromptly discovered and appropriate notification is given: 

(a) 

(b) 

Personnel manning Company telephone and radio-telephone 
numbers norma¥ly available for service to the public 
shall be informed of whom to notify in the pipeline 
corporation if a leak or spill is spotted by a member of 
the public and reported to these numbers. 

A spill emergency telephone number shall be circulated 
to government agencies concerned with spills of 
hazardous substances from a pipeline project into the 
environment, (e.g. Ministry of Transport, Department of 
the Environment, Department of Indian and Northem 
Affairs) to enable them to contact the Company through 





Construction Services and Activities 
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Suitakle channels if they receive reports of or observe Spills from the pipeline installations. 

(Cc) A documented system of regularly scheduled inspections 
of pipeline facilities shall be followed by the Company staff to check for actual and potential fuel leaks or 
Spills at key areas along the pipeline and around 
associated facility property. Systems of automatic 
alarms for warning of tankfarm leaks or oil transfer 
operation spills should be considered, 

(ad) A spill notification and information system shall be 
instituted in the Company organization to inform 
appropriate senior staff and concerned government 
agencies and potentially affected industries and 
municipalities of a spill and keep them informed on 
containment and clean up activities. The severity of 
the spill will generally determine the notification 
pattern and extent. . 

Containment and Countermeasures: =viteinment ana countermeasures 

This phase includes the deployment of booms, aksorbents, 
vacuum pumpS etc., necessary to contain or neutralize the 
Spilled substance or protect property (water intakes, small 
craft harbours, bird sanctuaries etc.) from the pollution. 
It would also include any measures necessary tc stop more 
pollutant from spilling.. (See recommendations on Clean up 
Equipment Selection and Deployment). The following steps 
shall be taken by the Company to ensure that proper 
preparations are made in this area: 

(a) The Company shall be a member of the National Emergency 
Equipment Locator System (NEFLS), a computerized 
inventory bank of clean up equifmient available in 
Canada. 

(b) Trained personnel shall be available at key 
installations along the route to handle containment and 
clean up equipment... (See recommendations on Personnel 
Training for Spill Control). Periodic "mock exercises" 
shall be held to keep clean up personnel up-to-date, and 
equipment in working order. The exercises shall include 
the following general steps that shall be undertaken 
when a spill occurs: 

— sane 





(Cc) 

(d) 

(€) 

Construction Services and Activities 
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(1) The product flow shall be stopped by shutting off 
pumps, closing valves, or taking other steps as 
required. 

(ii) People in the immediate area shall be warned and 
evacuated if necessary. 

(iii) If the product is highly flammable, ignition 
sources such as motors in cars or £rUcks, 
electrical circuits, ordinary light bulbs and open 
flames (including pilot lights) shall be shut off, . 

(vi) The oil spill shall be contained by blocking off 
drains, culverts and ditches with earth, sand, 
booms or natural and commercial absorbents etc, 

(v) Notification of the spill to the appropriate 
Company staff and government officials shall be 
given. 

(vi) Assistance of other companies, contractors or 
government personnel shall be requested if 
necessary. 

(vii) Spilled product recovery, clean up and the 
restoration of facilities and environment shall be 
undertaken. 

During construction, containment and clean up, equirment 
shall be stockpiled at high spill risk installations and 
areas that are environmentally or socially sensitive to 
fuel or chemical spills. 

Special methods for cleaning up oil from ice-infested 
waters and oil under ice which might result from present 
experiments being carried out in Beaufort Sea Oil 
contaminant and pick up research programs shall be 
incorporated into the pipeline action plans when they 
are developed. 

Dispersing materials shall only be used in Mackenzie 
Valley-Beaufort Sea pollution containment or clean up 
Operations, within the restrictive guidelines published 
by Environment Canada for the controlled use of these 
materials. . 

= 325.2 
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(£) The Company shall formalize cooperative spill working arrangements with the other petroleum and industrial Operators along the pipeline route, Equipment purchases by these organizations could then be further coordinated and clean up staffs augmented for maximum efficiency. 

Clean Up and Disposal: 

This work involves the actions necessary to remove a 
pollutant from the water and related Onshore areas using absorbents, skimmers and earthmoving machinery to physically pick up contaminated snow, ice and beach materials (See Clean up Equipment Selection and Deployment). 

(a) Pollutants and contaminated materials Shall be disposed 
in predesignated locations where they will not re- 
contaminate the environment. 

(6) In an area having the fluctuating river and marine water 
level environments along the pipeline routes, this work 
must be done on a 24 hours basis to prevent high water 
levels or heavy precipitation moving spilled material 
from polluted beaches, riverbanks, ditches and ice 
surfaces to areas which were not previously 
contaminated. 

Restoration: 

This phase covers soil or shoreline material restoration, 
cleaning of private property such as piers and boats, and 
restoring to the satisfaction of the appropriate government 
agency aS much as necessary of the living environment such as 
attempting rehabilitation of oiled birds or restocking of 
aquatic resources. The following steps shall be taken by the 
company for this phase: 

(a) Soil restoration shall be done with advice from 
recognized contaminated soil restoration experts, who 
could set up a program specific to the contamination 
problem at the site. 

(b) Cleaning of docks, boats and other private property 
Shall be done on a high priority basis, or alternatively 
on-the-spot cash settlements shall be made to enable the 

= 6 
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affected parties to have their property cleaned by a 
private company. 

(Cc) Recreational and settlement Leach restoration shall be 
done according to agreements reached with local 
territorial and settlement representatives. 

(d) Bird and aquatic fauna rehabilitations shall be done 
according to agreements with Environment Canada 
officials and advice from the Canadian Wildlife Service, 

Payment of Damages, Clean Up Cost and Fines: 

This phase generally takes place last, but the information 
and actions required in it must be recorded in detail from 
the start of the incident. 

The Company shall carry out the following steps: 

(a) All Company supervisory personnel involved in the 
incident shall keep thorough detailed notes of their 
activities and decisions during the incident. 

(b) Company legal staff shall be assigned to work with 
government agencies, clean up contractors and small 
Claims from boat owners, fishermen and others during and 
after the incident. 

(Cc) Small straight-forward claims from fishermen, private 
citizens and small kusinesses shall be settled quickly. 

By Over al 1 Coordinating Instructions 

83. This section of the Contigency Plan shall contain all the 
information required by operational personnel, to fully 
understand how an incident would be managed. 

The Company shall ensure the following conditions are 
followed: 

(a) Since communication among clean up forces is extremely 
important electronic portakle communications among the 
Operational personnel shall be of an excellent standard. 
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(b) 

(c) 

(d) 

(e) 

Construction Services and Activities 
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Spill clean up progress briefings shall take place daily 
at the operations centre(s) during the period action is 
required on an emergency basis. All clean up staff 
Supervisors, Spill team members, advisors, etc., should 
be present. 

Detailed minutes of these meetings shall be kept. 

Liaison personnel of senior management, press and 
government agencies, shall attend the daily briefings. 

Press conferences shall be held at least once a day with 
the On-Scene Coordinator and any necessary technical 
advisers in attendance... A Company public relations 
staff member shall be available to the press at any time 
and arrange tours and telephone facilities for them. 

G.  Arpendices to a Plan 

84, Non-operational sections of the action plan shall contain 
information on word definitions, who has copies of the plan, 
plan up-dating procedures, communications, legal authorities, 
financial procedures and a list of non-Company plans for the 
Pipeline route areas. 

The Company shall ensure the following steps are taken: 

(2) 

(b) 

(Cc) 

The plan shall be distributed to all appropriate Company 
headquarters and field staff, and government agencies 
Operationally concerned or having jurisdiction along the 
route. 

The plan shall be up-dated and operationally tested by 
field exercises at least once a year on a scheduled and 
documented basis. Plans of these exercises shall be 
Submitted to the relevant government agency for review 
one month in advance of the exercise taking place. 

Portable radio and telephone communications shall be 
reviewed and use procedures outlined. . 

Legislation applicable to a spill incident along the 
route shall be summarized. . 

Ee = 
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(€) The non-Company action plans along the route shall be 
listed. 
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Personnel Training for Spill Control 

A. Organization of Spill Team Personnel 

85. Key personnel in spread spill teams should attend training 
Schools and relevant conferences on petrochemical spill clean 
UPe (Such schools are regularly scheduled in Edmonton 
(FITS], San Francisco (Clean Bay Inc.], at Texas A and M 
University and in Warren Springs, England.) 

86. The categories of work to be done on each Spill team shall be 
decided upcn and documented as outlined in "Contingency 
Planning: forespill Controt, 

87. On small spills, one man can handle multiple jobs, but ona 
big spill, it takes a full slate of people in many 
categories. An organization chart shall be prepared, which 
describes the many jobs to be done in Cleaning up spilled oil 
on land and waterbodies along the route. 

88. A task analysis and a detailed work description for each job 
Shall be prepared. . 

89. Personnel shall be selected to form a spill team for each 
Spread. People should be selected whose industry jobs most 
nearly match the description of the job they will perform on 
the response team. . 

90. A performance objective shall be written for a series of 
seminars designed to bring together all persons assigned to a 
particular job on the spill team. 

B. Spill Team Training Program 

91. An actual training program for a spill team shall require the 
following: 

(a) a printed organization chart of the response team 
showing ali job titles and who relates to whom; 

(b) a formal and detailed job description of each job; 

= iow 



Cas: Na, 7 
7 ens, 

ee ante, | 
pos S ra > ie y 

ee hte = 
C8 bie Bde ne 

rh es 7 2 
© aed o i . : 

1) ' 

iy Poems aoe tenia iy eres 
. mi " = um Be 6 io Toy 

7 pe bs 5 _ 

‘opt iE: 4 we i ey ; ray 
To. ‘ 

\ _— eae 
le (eo < 

Si =! x 9 

Sy = iP 

eam ee ee ae - ri 
i : : a 

7 an Ueacmey oC = 

; 7 a ~ sf 
; Lf + soe . i 

Bo goede’ ee 

‘doleu PR wee, ed ae ot: 8 a rae pata ess vy Le 
Lie batttge qe peliseds al ec06 ogar" rob se oe . 

mm isse 208 2 nokiadaaes sro ciliate « Bas eheyl apy 08 
i Of 3 4: ! A He | Sts i, an oe = ak . 

yson' sdek yxtesbet 4 DIPOCLSS OC LIK ae a eee 
ro wmotzeq liiw yeds dot ed? 3o-aolzgizesh acy Botemeyiseen 

aa a A z 

il iP ST ' » i / an aie - 5 nn : 
| 

“aa - he = : >) - pes 7 aes > 

30 apizee BS. tet asssizw od Siéc LIISL AO | mao al Ts so? Ssapiees eavszey. La me ad. x benptesh eranines 
Sale 2 ee “Efiee ody me =s] ' 

a ty hm 

ee aay er . iT ‘ - 5 
, & - 

+ 

pen 

ocd heaall aa 7 

ee is “i ae ae ; a 

i ae 



(Cc) a series of 
assigned to 
session and 

(dq) a series of 

are met and 
participant 
techniques, 

Construction Services and Activities 
Spill Prevention and Control 

10-15 action objectives for each man 
each jok to reach during his training 
after the training session on his own; 

seminars for each job where all objectives 
accomplished by every participant; each 
should use all required training tools and 
including visual aid equipment, actual clean 

up equipment, radios, etc.; and 

(€) a call out and practice session where all members of the 
team practise their skills in the field. 

92. Key hazardous material handling and spill control personnel 
shall be trained 

Of Construction: 

at least six months in advance of the start 
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Clean Up Equipment Selection and Deployment 

A. Equipment 

93. A list of spill response equipment for a pipeline shall 
include devices and materials in the following categories: 

(a) 

(b) 

(Cc) 

(d) 

(e) 

Containment Booms: The booms shall be of the appropriate 
Size and types for use in the Arctic Ocean, lakes, 
harbours, streams and rivers. These can be made of 
polyethelene coated nylon fabric, absorbents, or belting 
(for permanent dock booming).. 

Pick-up and Dispersion: Skimmers, vaccuum trucks and 
tanks, slurp pumps, absorbents (natural and patent 
commercial), manual pick-up tools, dispersant spray 
units and dispersants shall be stockpiled. 

Necessary Miscellaneous Equipment: Other equipment such 
as the following shall te readily available: 

rope port-a-tanks 
trash pumps hand tools 
explosimeter hard hats 
respirator rubber boots 
chain saw rubber jackets & pants 
bulhorns gloves 
fire extinguishers goggles 
walkie-talkies lighting generators 
gasoline cans anchors 
flashlights chains 
shovels shackles 
rakes empty drums 
ensilage forks plastic bags 
stakes first aid kits 
chicken wire 

Each On-scene Coordinator shall have a spill equipment 
inventory system available for immediate reference at 
any time. . 

Any list of available equipment shall include means of 
transportation for equipment, materials and manpower by 
air, land and water. It shall also include locations of 
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Construction Services and Activities 
Spill Prevention and Control 

heavy equipment such as bulldozers, power shovels and 
other earth-moving machinery to build dykes, fill 
ditches, prepare dams, bury the spilled material or 
whatever other operations are deemed necessary. 

Be. Equipment Deployment Schemes 

Comment: Spills of petrochemicals from a gas pipeline rfroject 
could originate from fuel and chemical barge or tanker groundings 
and collisions, rfroduct transfer Operations between 
transportation modes and storage farms and from storage tanks 
themselves. In the case of groundings, a simultaneous 
requirement of lightening the stricken vessel could be necessary 
to facilitate salvage operations and avert further Spillage,. 

The successful clean up of a spill relies on the combination of 
one or more techniques of confinement, removal, and disposal in 
an integrated operation which is appropriate for that unique 
Situation. The range of circumstances for Spills is so large 
that it is nct possible to give hard and fast recommendations on 
the optium selection and combination of methods for each 
individual situation. However, general approaches can be 
outlined. 

94, Complete engineering plans for pumping, piping, valving and 
compartmentalization of tankfarms and marine transportation 
vessels shall be available at appropriate spread Sot. 
Operaticns centres for easy reference in an emergency. 

95. For each chemical and petroleum product used during 
construction and operation of a gas line, a complete 
assessment of the following characteristics shall be made: 

fay toxicity; 

(b) solubility; 

(c) biodegradability; 

(d)M* volatility: 

(e) density; 

(£) surface activity; and 
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98. 

99. 
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(g) flammability. 

These parameters shall be summarized in chart form, stored at 
appropriate spread spill operations centres for easy 
reference in an emergency. Some chemicals may be found to 
present an unacceptably high risk to the environment if they 
are shirped in bulk, in which case they could be substituted 
or moved in specially equipped transport. 

The selection of equipment types and storage locations to be 
used in the event of an cil spill shall be developed: 

(a) through predetermining potential spill locations; 

(b) by analysis of conditions at each site; 

(Cc) by preparing a response (equipment deployment) plan for 
each area; and 

(d) by training manpower and conducting mock exercises to 
practise carrying out each plan. 

Land Operations: 

Every effort shall be made to contain any spill on land 
before it gets into any waterbody. Consideration should be 
given to fabricating and installing spill barriers in surface 
runoff ditches and depressions likely to catch oil or 
chemicals around some facilities. . 

A spill shall be removed quickly from drainage ditches or a 
tankfarm containment dyke area by using pumping systems with 
skimming heads, commercial or natural absorbents, physical 
removal of contaminated ground or burning under permit. 

In winter, snow and ice contaminated by a spill shall be 
moved to predesignated storage sites. Oil and chemicals 
released in spring melts shall then be treated in runoff 
control systems (See recommendations on Spill Prevention from 
Storage and Transportation Facilities). 
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Construction Services and Activities 
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River and Lake Operations: 

100.In the event containment action fails on land, a stream, lake 
or river channel operation is necessary. - 

(a) 

(b) 

In ice-free conditions: 

(i) 

{ii) 

Booms shall be deployed at critical points along 
the shoreline to protect important waterfowl and 
fish resource areas and key water intakes, small 
boat wharfs and fishery areas, Bird scaring 
devices shall be considered in some areas to keep 
waterfowl away from a slick. 

Booms shall be deployed in river channels at 
predetermined sites to attempt to contain the yee a keh 
where the current is not too strong, or to deflect 
the oil into predesignated collecting areas along 
the shoreline if the river flow velocity is high, 
The Company shall make assessments downstream of 
all fuel and chemical storage sites and marine 
vessel transport routes and product transfer pcints 
(e.g. tankfarms, wharf sites, offshore bouys 
Ctci)< 

(iii) Booms shall be deployed anywhere in larger 
waterbodies where oil can be trapped or corralled. 
Skimmers shall be used to collect as much material 
as possible which is diverted towards them with 
booms. . 

In ice-infested waters: 

(i) 

(ii) 

If solid ice cover is present, a spill shall be 
contained on the ice surface. 

If broken ice conditions are encountered, or a 
spill is beneath ice, containment will probably not 
be possible. In these cases, movement of the 
material shall be monitored visually by aircraft 
and by a snow, ice and water sampling program. 
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Beaufort Sea Operations: 

101.In the event containment action fails on land and ina watercourse channel, a Beaufort Sea operation could be 
necessary. 

(a) In ice-free conditions: 

(1) Booms shall be deployed in the Beaufort Sea to 
, protect key bird, marine mammal, fisheries and 

harbour areas. Bird scarer devices shall be 
considered to keep waterfowl away from slicks. 

(ii) Booms, skimmers and absorbents Shall be deployed, 
weather permitting, to attempt to pick up floating 
spilled material. 

(c) In ice-infested waters: 

(i) Steps outlined above for Spills in ice infested 
streams and rivers should be attempted. 

SOURCES OF INFORMATION 

The abcve recommendations were adapted directly from the report 
"Draft Terms and Conditions for Petrochemical Spill Prevention 
and Control (September 30, 1976)" prepared by Canguard Consulting 
Limited of Vancouver for the Inquiry Appraisal Team. Canguard 
notes that the following Legislation was considered in developing 
the recommendations: 

Canada Shipping Act 

1. Collision regulations 

2. Fire Detection and Extinguishing Equipment Regulaticns 

3. Garbage Pollution Prevention Regulations 

4, Home Trade, Inland and Minor Waters Voyages Regulations 

Se Hull Construction Regulations 

a a 





Construction Services and Activities 
Spill Prevention and Control 

6. Load Line Regulations (Inland) 

7. Load Line Regulations (Sea) 

8. Navigating Appliances Regulations 

9. Oil Pollution Prevention Regulations 

10. Raft and Barge Navigation Regulations 

11. Safe Manning Regulations 

12. Safe Working Practices Regulations 

13. Steamship Machinery Construction Regulations 

Arctic Waters Pollution Prevention Act So SE Os eueion Prevention Act 

1. Arctic Shipping Pollution Prevention Regulations 

2. Shipping Safety Control Zones order 

Others 

1. Code of Navigating Practices and Procedures 

2. Stability Standards, Particularly "Stab 3" and Stab 7" 

3.. Structural Fire 

4, Dangerous Goods 

Canguard notes that 

taken into account: 

Federal Acts 

Protection Standards, Parts I and II 

Shipping Regulations 

the following environmental legislation was 

1. Department of Indian Affairs and Northern Development 
administered Acts and Regulations: 

(a) Northern Inland Waters Act 

Sie = 
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(b) Arctic Waters Pollution Prevention Act 

(c) Territorial Lands Act 

(dq) The Oil and Gas Production and Conservation Act 

2. Department of the Environment administered Acts and 
Regulations 

(a) The Fisheries Act 

(Db) Migratory Birds Convention Act 

(c) Canada Water Act 

(d) Clean Air Act 

(¢) Environmental Contaminants Act 

(f) Ocean Dumping Act 

Territorial Ordinances aSiticoriai Ordinances 

(a) Environmental Protection Ordinances (NWT) 

(b) Gas Handling ordinance 

(c) Public Health Ordinance 

(dq) The Territorial Petroleum Products Ordinance (Part 2) 

es: 
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The Canguard report was cognizant of and supplemented by reference to the following: 

Transcripts, Exhibits, Basic Documents 
1. 

2. 

COFE 

Exhibit 

Reports 

Parry, T.W.; Grainger, E.H.; Sergeant, D.F.; Smith, 
T.G.e; Stein, J.N.; PESCYs) Jeds fi24: 18360-487); 
Logan, W.J.; Pettigrew, RK: Snow, Ne. (125: 19084- 
afte. 126 19 143-299) 3 Nicol, C.W. (139: 21204-26; 
140: 21277-99) 

666: CAGSL. 1976. The control of hazardous 
substances during the Arctic gas project. - 

668: CAGSL. 1976. Arctic oil Spills and toxic 
materials contingency plan. 

Canada. DOE. Environment Protection Service 
Code of good practice for management of hazardous 
and toxic wastes at federal establishment. 
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Construction Services and Activities 

FIRE PREVENTION AND CONTROL a ES CONTROL 

GENERAL RECOMMENLCATION 

The Company shall submit to the Agency plans for the prevention and control of fire during the construction and operation of the pipeline. These plans shall be developed in collaboration with the Yukon Forestry Service and the Northwest Lands and Forest Service and shall include information on employee education and training, fire reporting procedures, equipment type and 
placement, summer and winter fire prevention measures, equipment and employee mobilization, rehabilitation procedures to be 
implemented following a fire, and any other information the two Services may require. : 

DISCUSSION 

Many fires are started as a result of human activity. There is 
concern that the increased labour force concomitant with pipeline 
construction will not increase the frequency of fire. During 
winter the main danger arises from vegetation clearing and 
burning. Where timber is disposed of by burning on the ground a 
Smoulder fire may be started in the organic mat and remain hidden 
until it suddenly flares the following spring. 

The dangers from summer activities are much greater, but do not 
seem to have received sufficient emphasis by the Applicants. The 
level of summer activity is quite high; surveying, support 
facility installation, the Stockpiling of material, compressor 
station construction, some vegetation and right-of-way clearing 
will take place. All of these activities could occur at a time 
when the risk of fire is very high and it could prove necessary 
during periods of such high risk to exclude labour from an area 
and suspend summer construction activity. This greatly increased 
risk from summer construction activities over winter construction 
activities must be recognized in any formulation sof plans for the 
prevention and control of fire. 

The danger associated with fires in or near compressor stations 
and metering stations appears underestimated. There is a lack of 
emphasis on the development cf control procedures for such 
occurrences which is of concern because hasty and ill- provised 
procedures such as bulldozing fire-guards can sometimes be 
environmentally damaging especially in permafrost areas. 
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A recognition of the dangers and the development of plans to meet these dangers is warranted. 

There is also a concern that the dangers of fires in permafrost areas have not been sufficiently stressed, especially with regard to restoration measures. Fire can seriously weaken the 
insulating effect of the vegetation and its associated organic 
mat, with the result that terrain instability could result and 
the integrity of the pipeline could be threatened. These dangers 
must be considered fully in any development of contigency 
measures following fires. ‘ 

RECOMMENDATION: THE COMPANY 

See general recommendation above, 

SOURCES OF INFORMATION 

4 Iranscripts, Exhibits, Basic Documents 

PAAG Report 
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PROJECT REGULATION AND CONTROL: THE GOVERNMENT SS i OSOVERNMENT 

GENERAL RECOMMENDATIONS 

The government should establish a Single Agency to regulate and control all the technical, environmental and social aspects of the pipeline project. In addition, the government should modify the prevailing distribution of control over resources in the 
North by withdrawing certain lands from development and by providing for the kind of territorial self-determination and 
entrenchment of native land rights which will assure the people of the North a meaningful voice in Changes that affect them and 
their region, 

It must be recognized that these submissions have been prepared 
without sufficient time to consider much evidence relevant to 
tnis subject which was heard during the final week of the Inquiry. 
It is therefore necessary to reserve the right to add to these submissions after considering that material. 

DISCUSSION 

The regulation and control of a Pipeline project of this 
Magnitude will be an immensely challenging task, going well 
beyond the technical aspects of traditional engineering and 
environmental enforcement. The scope of this emerging social 
and political context will inevitably result in fundamental 
and .perhaps irreversible changes in northern regional evolution. 
The task requires the utmost care and responsiveness if the 
mistakes of the past are to be avoided. 

The pipeline project ranks as one of the largest civil works 
ever undertaken by private enterprise. The Inquiry has been 
told that it could shape the development of the Mackenzie Valley 
and its people in a way similar to the CPR in the Opening of the 
west (R. Page, vols. 146, 147). The potential for great industrial 
progress is fraught with dangers of permanent social and 
environmental harm. Clearly, the impact of the pipeline 
project will be governed as much by the actions of government 
as by the initiatives of the pipeline company and the hydrocarbon 
industry. 

Regulation of very large ventures is extremely difficult. Huge 
financial commitments, national and international interests, 
political ramifications and institutionalized regulatory 
approaches often jeopardize compliance with and enforcement of 
even the very best stipulations. This pipeline projzect. will 
encounter such problems, aggravated by the unique technical 
aspects of the work, the remoteness of work locations, the severe 
environmental constraints and the nature of the socio-economic 
Milieu of the North. 
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There is compelling evidence before the Inquiry that a new approach to regulation and control is needed for this project. Witnesses from Alaska have testified to the inadequacies of the regulation of the Alyeska project, Witnesses in the communities and at the formal hearings have cited inadequacies in the 
present approach to control of development activities, Native organizations and individual native people have argued 
vehemently that controlled development can not take place until the issues of land claims and regional self-determination are settled. The traditional regulatory approach has, time and again, failed to achieve the essential environmental and 
socio-economic results. Anew approach therefore, seems a fundamental necessity. - 

The first characteristic of such a new approach should be the use of a single regulatory Agency. And while this "control by a 
regulatory body" approach will have a key role to play, it 
must be only one part of the process if effective control of 
impact is to be achieved. Two other components are necessary. 
First, the social, political and economic issue of land claims 
must be resolved. Second, environmentally important lands 
must be protected from development by land withdrawals. These aspects of control, land claims and land withdrawal are dealt with elsewhere in these submissions. The Main thrust of 
this section is to deal with the issue of control by regulation, 
and to affirm the principle that a regulatory mechanism must be 
integrated with and responsive to the concerns of interested 
parties. 

The regulatory Agency established by government must combine the 
multitude of "government" and "government agency" mandates and 
responsibilities into a single unit capable of effectively 
dealing with a gigantic project under the most critical 
engineering, environmental, social and time constraints. The 
Agency must have real and publicly perceived crediprlity in all 
aspects of project control, and particularly in the environmental 
and social areas. This means that various environmental interest 
groups, the native people and other affected interest groups 
must be convinced that their interests will be protected in 
every possible way, and must have an effective and expeditious 
mechanism by which they can interfere if their interests are being 
ignored. No existing government department of agency has at 
present the necessary capacity or mandate, or the necessary 
responsiveness. The need for inovative approaches is apparent. 

RECOMMENDATIONS 

Government Organization 

ues The government should proceed as quickly as possible 
to establish a single agency approach for regulation of 
the construction of the pipeline project, the gas plants 
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and all related activities by bringing together under One Management the multitude of jurisdictions and responsibilities spread throughout federal and territorial departments and agencies, For this project, the Agency should include the traditional construction regulation and control roles of the NEB, 

Comment: The immensity of the project, its huge cost, its multigovernmental/departmental and its national and inter- national ramifications make it essential that the government have a "one window" approach to the Company, the other parts of government and the public. There must be a Single regulatory Agency. 

That Agency must have authority over pipeline work, gas plant work and all related activities. Only in this way can the regulation of these matters be made coherent and consistent. It is of course recognized that the construction of the gas plants and gathering systems requires distinct and often different controls than does the pipeline itself. Nonetheless, these projects, integrally connected as they are, must be controlled under one roof, and must be responsive in the same immediate way to the interests of affected third parties. For regulation to be effective and in the public interest, both the Company and the public must look in at the same "window". 

The Agency should administer all relevant Acts, Regulations, Ordinances, Orders-~in-council, accords, executive agreements, codes and standards, that apply to the pipeline project, the gas plants and related facilities. This includes of course all terms and conditions that May be attached to the granting of a right-of-way. 

op The single Agency should incorporate the environmental, 
social and local economic controls on the project on an 
equal footing with engineering controls. There should 
not be a dominant "decision" group and a subserviant 
"advisory" group. There should be social, economic, 

.environmental and engineering considerations brought to bear at each stage of the Agency's control activities. This . 
requires that all be housed at the same head 

.-office. It would erode the even handed control sought 
if, for example, those responsible for social controls were 
housed in a separate building, or worse, a separate city from 
the rest of the Agency. 

ae To adequately discharge its mandate the Agency must, at 
a minimum, engage in the following activities: 

a) Preliminary Design Review - this control function 
must be conducted at a sufficiently early stage 
that changes required by the Agency can be included 
by the companies affected in their contracts for 
materials and supplies. Such Changes must of course 
be included in the applicable final designs. Further- 
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More, this design review stage is the appropriate 
and most effective point at which third party social 
and environmental interests should be brought to bear 
on the design, and at which changes prompted by these 
interests should be made. It is critical that the 
parties involved be prepared to participate in this 
design review process at this stage, and that they 
have access to sufficient funds to enable them to do 
SO to their satisfaction, Finally, it is equally 
important that the participation of interested 
parties be continuous throughout all of the phases (b)- 
(ad) outlined below, to ensure that the spirit as well 
as the letter of the preliminary design review 
conditions are met, and that any changes in design 
are consistent with the principles established in 
the granting of a right-of-way and confirmed during 
preliminary design review. 

(b) Final Design Review - this control function follows the 
Submission by the company of its final design. 
The changes which are required by the Agency lead to 
final design modifications. 

(c) Notice to construct - this control function consists 
of an on-site permission to proceed once the Agency 
enforcement officer (that is, the Agency's representative 
in the field) is satisfied that final design specifications 
have been satisfied at the work site. 

(d) Surveillance of construction activities - this is the 
traditional control function of inspection to ensure 
compliance with applicable regulations and Stipulations. 
The enforcement techniques available to the Agency in 
discharging this task are discussed elsewhere in this 
submission. 

The Agency must provide for an appeal procedure from any 
Agency decision yielded by any of the four control procedures 
set out in paragraph 3 above. The final forum for appeal 
of such decisions shall be the head of the Agency. 

.The government should establish a monitoring program, with 
direct participation by all of the interested parties, to 
start before pipeline construction begins, continuing during 
pipeline operation and following abandonment. This monitoring 
group would conduct a continuing impact assessment of all 
regulated activities. The monitoring group would report 
regularly to the regulating Agency, recommending such 
modifications of the applicable regulations as are shown 
necessary by the continuing impact assessment. Such 
recommendations must be followed by the regulating Agency. 
Only in this way can regulations inadequate to protect the 
social or natural environment be identified and altered, 

mA is 
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The prime responsibility of the Agency will be the regulation of the construction activities concerned, However certain of the regulations and stipulations to be administered by the Agency will continue to have effect after construction is completed. For example there may be regulations relating to the operation of the controlled facilities. There may also be regulations requiring certain Company conduct in such things as training that extends beyond the time frame envisaged for construction. In addition the Inquiry has been told enat - Looping? 
of the first pipeline is a likely prospect, In these 
circumstances, it is recommended that the Government set up the single Agency without a predetermined life span so 
that the utility of the Agency's continuing operation can 
be reassessed at the conclusion of the construction of the 
subject facilities, and in the light of whatever other 
mechanisms may have been developed in the interim. 

The government should not appoint an independent public 
auditor group. The Inquiry has heard much evidence about 
groups of this kind particularly as they have functioned 
in the Alaskan experience, It is submitted that such 
groups have proven to be largely ineffective in being able 
to monitor large construction projects on a regular basis 
and even more ineffective in effecting any changes in 
construction activities. The expediture of funds on such 
an organization therefore seems unjustified, and the fiction 
that the public interest is being protected by the existence 
of such a group seems potentially harmful. 

It is recommended that the costs of the Agency be assessed 
against the projects being regulated. This is consistent 
with the provisions of the "1972 Pipeline Guidelines". 

It is recommended that the agency be so structured as to 
provide for active third party involvement by third parties 
whose interests are affected by the regulated projects. These 
groups include environmental groups, northern native groups, 
and communities in the greater impact region of the proposed 
projects. This active participation should be effected in 
the following ways: 

a) The government should invite environmental groups with 
a declared interest in the North to appoint a represen- 
tative of their interests to sit on the senior Agency 
committees charged with the control functions set out 
in paragraph 3 above. This representative would be 
given the same access to information, the access to 
research capabilities and the same decision making 
power as any-other member of the committee. 
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The government should make the same invitation to each of the territorial. native groups in the N.W.T, and to the communities in the greater impact region. These representatives would of course be fully remunerated for their services and would be appointed to terms of sufficient length to ensure their effect- iveness, at a minimum two years. 

b) The special status of native northerners as (at the very least, in the absence of a land claims settlement) unspecified landowners through whose property a right- of-way is being granted should be recognized in the structure and responsibility of the Agency, either by participation on a board of directors to which the head of the Agency is answerable or by some comparable scheme. 

iS] The necessity of facilitating public interest intervention in the operation of the Agency must be recognized as an integral part of a responsible regulatory system. This kind of intervention is quite separate from the partici- pation of interested parties in the functions of the 
Agency referred to in (a) . It will be effective only 
SEL 6 Pseeinformed by a continuous presence sufficient 
to monitor the operations of the Agency. The funding of 
these intervenors must be separate from the funding 
rererred.to.in a) ,.and Should be shared by government and-the public interest intervenors.:- A possible 
mechanism to achieve public interest intervention would 
give public interest groups such as those identified in 
(a) above the right to monitor Agency decision making 
and make submissions to the Agency decision makers in 
advance of decision, 

Code 

10. The government should immediately prepare a Code of 
performance, conduct and methodology for the pipeline, 
gas plants and related projects based on the recommenda- 
tions continued in the text of this submission. It should 
detail all requirements to be imposed on the Company 
including those requirements under existing laws and 
regulations. The Code should be made legally binding on 
the Company and all its contractors. 

Comment 

An adequate Code will be essential very early in the project 
before the Company makes its basic decision that will govern 
future operations and procedures. The Code will be the 
governments basic document that will parallel the Company's 
Design Manual and Design Change Manual, The Code must be 
prepared in sufficient time for the Company to use it in 
preparing its preliminary plans. 
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eae The Code should be prepared as a comprehensive documentation of regulations and practices to guide the Company but it shall in no way limit the jurisdiction or authority of the Agency to implement additional conditions as it sees fit during the course of the design review and surveillance. 

i2. The Code should be Supplemented by a Field Activity Atlas prepared by the Agency. The Field Activity Atlas should be a graphic, easily understood, project-specific field guide for field personnel, illustrating site-specific engineering, environmental and social constraints or 
considerations. 

Comment: 

The Atlas would be used on-site to advise field personnel 
of the local features that must be considered in the day to day construction and construction related activities. An 
extensive written document is too cumbersome while a graphic 
display would be more easily understood and more widely 
used. 

Los Relevant elements of the code should be applied uniformlv bv 
the government in all other government department and crown 
agency.-operations and_jurisdictions in the yukon, Mackenzie | 
District of the N.W.T., and the Beaufort Sea for the duration of nipeline construction. 

Comment: 

The uniform application of those elements of the Code that are 
of general application to all activities throughout the area 
will assure that physical and living environments are sustained 
in the considered manner. For example, it would be somewhat 
pointless to impose one set of strict conditions for a pipeline 
river crossing if nearby another unrelated Operation were 
allowed to proceed under a set of less rigid conditions. There 
should not be "double standard" performance criteria. 

pi Me The Agency should prohibit all on site activities related 
to the Company's proposed works until the necessary reviews, 
approvals and authorizations are issued. No such documents 
should be issued by the Agency until it is satisfied that 
all stipulations have been and will be complied with by 
the Company. 
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appears throughout the community hearing transcripts. 
The list of such references is extensive and is not 
included here. 
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PROJECT REGULATION: THE COMPANY 

GENERAL RECOMMENDATION 

The Company shall design, construct, Operate and otherwise manage all aspects of the pipeline project in a comprehensive manner so that there is compliance with all government and Agency Stipulations relating to the project. 

DISCUSSION 

The Company must assume the responsibility of ensuring that all employees and contractors engaged on the pipeline project perform in a manner consistent with the various Stipulations of 
government and the Agency as they are advanced in the various 
formal approvals and as Specified in the field by inspectors. 
This will be a major task for the Company. It will require the 
use of legally binding contracts, exhaustive inspection, rigid quality control and swift and decisive punative action by the 
Company for infractions. . 

The success of the project from the engineering, environmental 
and social points of view rests primarily with the Company. The 
Company can expect no better performance from its employees and 
contractors that it demands of itself, Therefore, the Company 
must continually demonstrate that it can and will regulate the 
project to achieve the required technical quality, environmental 
integrity and social probity. 

Throughout the hearings the Applicants have repeated assurances 
that they can and will engineer, construct ana regulate the 
project in a manner that will produce a pipeline which is 
environmentally and socially acceptable. However this question 
remains: Can the Company, no matter how Sincere, carry out its 
assurances under the obvious scheduling and financial pressures 
and the necessary technical, environmental and social 
constraints? G.M. Zemansky highlighted the dilemma by quoting 
from a memorandum written by a monitor on construction of the 
pipeline project in Alsaka: 

"If Alyeska is sincere ... then the worst 
fears of environmental groups are verified: 
the present state-of-the-art, both engineering 
art and management art, is not advanced enough 
to build an environmentally acceptable 
pipeline in the Arctic" (Exhibit 882, p.18). 
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The challenge to the Company building an arctic pipeline in Canada is clear. To meet the Challenge, and achieve a project that is environmentally and socially acceptable, the Company should observe certain Organizational tenets. 

RECOMMENDATIONS: THE COMPANY 

Organization - General 

1, Within 20 days of receiving the necessary project approvals from government the Company shall provide the Agency with a documented organization chart of the Company as it will be Structured for construction purposes and for operating 
purposes, 

Comment: The organization chart should show the Company hierarchy Of office-and: field positions, the position title and the name of the individual who will fill the particular position. The 
documentation shall provide details on the duties and 
responsibilities assigned to each position and shall emphasize 
the interaction that each position has with: (a) the government 
project control mechanism both at head office and at field 
levels, (b) outside consultants and, (c) contractors and 
subcontractors. Also, the chart and documentation should 
highlight all permit, reporting relationships and authority for: 

(a) environmental matters (of various types) ; 

(c) implementation of employment agreements; 

(d) preparation and implementation of contingency plans; and 

(€) other items as requested by the Agency. . 

2. Within 20 days of receiving the right-of-way permit and or 
the Certificate of Convenience and Necessity from government 
Agency the Company shall submit to the government a fully 
documented organization chart for a typical construction 
Spread during all of its various stages of work. 
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Comment: The document(s) should indicate the Company contractor and consultant positions that Will be filled, their responsibilities and reporting functions, the interaction points with Agency representatives and the level of on-the-spot decision making powers relative to Changing the construction routine, stopping of particular activities associated directly or indirectly with construction, etc. 

3. Each application submitted to the Agency by the Company shall include activity schedule and personnel organization chart (see also "Project Regulation: The Government"), 

Comment: The organization chart should include all the Company's contractors' and consultants' key personnel on site with their names, positions, specific responsibilities and field authority. 

4, The Company shall provide the Agency with complete updates of 
its organization charts and the related documentation (see 1 and 2 above) within 2 weeks of any changes and/or additions. 

Contracts and Contractors 

Se The Company shall, in all its contracts and subcontracts 
relating to supply, construction, Operation, maintenance, 
surveillance, monitoring or other activity associated with 
the pipeline project legally bind all organizations or 
individuals directly or indirectly in its employ to the 
conditions imposed on the Company by the Government and the 
Agency. . 

6. Since all permits and approvals will be issued to the 
Company, it shall be responsible for all work and activities 
of its contractors and subcontractors and shall inspect all 
works done to assure that the work is done in the prescribed 
manner according to the stipulations of the Agency. 

Design Manuals 

7. ‘The Company shall provide for Agency approval prior to final 
design, a comprehensive Desiqn Manual to be used by the 
Company in arriving at its final mile by mile design... Such a 
manual shall be a designer's guide to all aspects of layout, 





Project Regulation 
The Company 

construction and operation of the pipeline and its related works. 

8. The Company shall provide, for Agency approval, after 
commencement of final design but prior to field construction activity on any part of the project, a complete Design Change Manual-which will be used in the field by the company personnel and inspectors charged with the responsibility of seeing that designs are properly implemented, 

Comment: The Design Manual and Design Change Manual which both Applicants before the Inquiry have suggested are in preparation Or will be prepared to guide their own design staff will, when approved by the Agency, become a basic reference document for those charged with design approvals. Therefore, both manuals must be made available to the Agency for thorough evaluation well in advance of final design submissions. 

9. All design changes made Subsequent to design approval shall 
be reported to the Agency within one week of the change being 
made. All changes to approved Grawings or practices shall be 
Supported by citing the field condition and by reference to 
relevant sections of the Design Manual or Design Change 
Manual or relevant instructions by the Agency field 
inspection representatives. 

Quality Control 

1¢, The Company shall designate in its own Organization a 
distinct and separate group at both the field and head office 
levels, to be responsible for quality control of all phases 
of construction by ensuring that the approved designs, 
procedures and terms and conditions are implemented in the 
manner intended. 

11, The Company shall have its own full time Quality Control 
Inspectors in the field. 

Comment: Quality Control Inspectors should be assigned to 
appropriate locations on activities as specified by the Company 
or the Agency. For example Cuality Control Inspectors should be 
assigned: 

(a€) on all active compressor station construction sites; 

ie oe 





(b) 

(c) 

(a) 

(e) 

(f) 

(g) 

(h) 

12. 

13. 
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On all active pipeline Spreads where there is any excavation, laying of pipe and/or backfilling; 

at all places where there is pipe welding or X-raying taking place; 

at all active river crosSing construction sites; 

at all pipe hydrostatic test sites during fill up, during the test and during disposal or transfer of the test liquid; 

at all sites where fuel, methanol or Other hazardous or toxic substances are being transferred in bulk to or from storage 
areas; 

at all sites deemed environmentally or socially sensitive or 
special such as archaeological Sites, areas adjacent to 
raptor nests, proposed IBP sites etc.: and 

at any other site or area designated by the Agency. 

The Company's Quality Control inspector shall keep a daily 
diary, log and photo journal, in a form acceptable to the 
Agency, noting the site work done, engineering, construction 
and environmental problems encountered, design changes 
implemented, instructions issued by the Agency field 
representative, etc. 

The Company's Quality Control Inspector shall prepare a 
weekly summary report of the site work progress and problems 
noting all field engineering/environmental aspects of the 
work. The summary shall certify that, except as specifically 
noted, all work was conducted and installed according to the 
Agency approved plans and procedures, 

Comment: The weekly report shall be acknowledged by the Agency 
field representatives not later than two days following the week 
for which the report was prepared. 

14, The Company's Quality Control Group shall be responsible for 
the preparation of "as-built" plans of all aspects of the 
permanent installations and those temporary installations 
designated by the Agency (e.g. fuel tanks, wharf sites, water 
intakes etc.) As-built plans shall be prepared as 
constructicn proceeds. 
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15. The Company shall, on demand, provide the Agency with an up to date status report on the Stage, quality and as-built status of any aspect of the project within 15 days of any such request. 

Contingency Plans 

Comment: The subject of contingency plans is dealt with in detail in various sections throughout this submission. The following general overview is designed to provide general direction only and to highlight the importance of various aspects of the plan. 

16. The Company shall develop comprehensive contingency plans for various aspects of the project as outlined and as otherwise indentified by the Agency. 

Comment: Contingency plans are required for things such as: 

(a) fuel spills of various sizes and at various locations on land and in water along the Mackenzie River System, Delta and 
Beaufort Sea Coast; 

(b) methanol spills on land and in water; 

(C) Spills or leakage of hazardous and toxic 

(dq) construction changes in response to conflicts with wildlife; 
and 

(€) construction changes to respond to early breakup, 
insufficient snow/water for snow road construction etc. 

Each contingency plan should be a self contained, separately 
bound document that deals with all aspects of the particular 
contingency including such things as: 

(a) The person or persons within the Company who will be 
responsible for implementing the contingency plan, their 
office and home phone numbers, alternate contacts etc, 

(b) The notification procedure that will be followed by the 
Company in dealing with the Agency, federal, territorial and 
local governments. 





(Cc) 

(a) 

(e) 

(£) 

(3) 

(h) 

(1) 
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The limits of current and readily available technology and the Company's ability to implement the plan for various scales of contingency event, 

The extent of damage that could occur for various scales of 
contingency events if the company's contingency plan was not 
successful. 

The priority of protective measures that will be implemented. 

The specific remedial measures that will be used including an 
appendix that documents the effectiveness of such measures as 
implemented elsewhere etc, 

The availability of equipment and trained manpower to 
implement the plan. 

The educational program, including field exercises, that will 
be used in anticipation of a contingency event. 

The extent of the Company's commitment and responsibility, as 
it understands them, if the event occurs. 

Field Authority and Responsikility 

Tihs 

18. 

ads 

At each activity associated with construction or Operation of 
the pipeline the Company shall have a designated 
representative on site at all times during the work. Where a 
designated Company representative must leave the site or 
Otherwise be unavailable, he shall notify the Agency's field 
representative in writing of the interim designated 
representative and this person shall assume all duties, 
responsibilities and powers of the designated representative. 

The Company's designated representative on site shall 
immediately cease any work associated with the site or part 
thereof if requested to, do so by the Agency's field 
representative. 

The Agency field representative's instructions shall be final 
until they are superceded by written instructions to the 
contrary either by the field representative or his superiors. 
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The Company shall provide immediate, complete and free access to all parts of the project for all Agency representatives unless such access is a safety hazard in which case the Company shall so advise in written form which clearly describes the nature of the hazard. 

Upon discovery of a situation that is, or could become, 
harmful in any way to the natural or social environment, the 
Company shall: 

(a) immediately notify the Agency; 

(b) take the appropriate remedial action; and 

(c) alter or stop the particular activity until a mitigative 
response can be implemented. Comment: The problem of 
notification of and responsibility for "upset" or 

compliance situations is one that will have to be carefully 
addressed by the Company and the Agency because of the dilution 
of accountability inherent in a large subcontracted project. (see 
also "In forcement") 

nee 

eas 

24, 

The Company shall, upon notification or discovery of a 
environmentally hazardous situation, immediately assume all 
responsibility and costs to mitigate the situation and shall 
continue to do so until officially notified otherwise by the 
Agency. 

The Company shall deploy all the equipment and personnel to 
mitigate a hazardous or emergency situation to the fullest 
extent of its ability and shall, if necessary, alter work on, 
or related to, the pipeline to do so. In responding to such 
Situations, the Company shall keep an itemized account of all 
costs of men and equipment used. 

Where the cause of an environmental emergency situation is 
found by the government to be unassociated in any way with 
activities relating to the pipeline, the government shall pay 
for all direct expenses at cost but shall not assume any 
responsibility, financial or otherwise, for the Company's 
iGes Of production. 
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25. One member of the Board of Directors of the Company shall, in rotation, visit each Operating spread at least once a month. Prior to the visit, the Director shall be briefed by the 
Agency. 

26. Upon written instruction by the governments field 
representative or upon notification by the Agency of an 
environmental situation of major concern, a member or members 
of the Board of Directors or senior management shall be made 
available to be on site for continuous periods as determined 
by the Agency. 

27. Ten days after a visit to the project the Director(s) or 
Senior management people shall submit a project status and 
compliance report to the Agency. 

SOURCES OF INFORMATION 

Organization 
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ise eeansccipts, Exhibits, Basic Transcripts 

CAGPL Dau, PeH. (2524640-43; 33:4281-84; 38:4925-32; 
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(4425731-36; 49:6510-18; 50:6636-37, 6726-40; 
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ENFORCEMENT 

GENERAL RECOMMENDATIONS 

The government should develop a hierarchy of measures that can be 
taken in situations where by accident, neglect or willful acts, 
the Company, 1ts subcontractors or any individual, cause 
Situations that violate or threaten to violate the terms, 
conditions, Acts, Regulations or Ordinances pertaining to the 
Pipeline project. 

DISCUSSION 

A major problem for inspection personnel in any construction 
project 1s the lack of effective means of forcing the contractor 
to comply with the job technical specifications. This problem 1s 
compounded when “special” (non-trade) terms and conditions are 
introduced dealing with the natural and social environment -- 
1tems which workers and contractors may see as getting in the way 
of job progress. The contractors' people on site who face daily 
Production problems quite logically and understandably gauge 
success by the rate of production. The job of building 1s their 
primary function, for which they are directly answerable. Most 
other things become secondary especially when the work 
environment 1s hazardous or severe, and creates stresses of an 
extraordinary sort. In such circumstances the kinds of 
circumstances that certainly prevail in the North, the contractor 
does not normally see preservation of the natural environment as 
a prime task, Since so much of his energy 1s given over to 
Mastering 1t. Stipulations regarding environmental protection 
rarely even appear in the contract documents. 

Most inspectors have, in some form, the power to shut down a job 
for violations. However, thiS 1S a much talked of but rarely 
used power. It often causes more problems that 1t solves -- 
particularly for very large, capital intensive, tightly 
scheduled, seasonally dependent projects such as the proposed 
Pipeline. Forcing such a project to stop 1S a very extreme 
measure and 1s only useful, 1f£ at all, in the most critical 
Situations. 

Fines are also a common penalty for non-compliance. However, in 
themselves they do little to solve the cause of the problem: they 

tend to get tied up in court and are not usually seen by the 

workers in the field as being of much consequence. Case studies 
of agencies using fines show that they are rarely applied. 
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9 
Instead they are used as a public relations or bargaining tool in negotiations to persuade the offender to demonstrate more effort. 

Job shut-downs and fines are generally ineffective in dealing with successive minor violations that in themselves do not warrant action but which, when compounded with other violations may lead to significant environmental degradation. 

Both shut-downs and fines are often seen as indicators of the failure, not the success, of enforcement. This can lead to a Situation where prosecution becomes unattrative to government because 1t amounts to an action which indicates the failure of government to efficiently control development. However the fundamental point remains, that even the very best Sstlpulations can not produce results in the absence of adequate enforcement. 

Fnforcement assures compliance. The task at hand is to develop a Succession of measures of escalating severity that can be applied to 1ndividuals, groups, Subcontractors, contractors and the Company (and perhaps the industry as a whole for violations £O the social and natural environment. In so doing it 1s important to consider that non-compliance Situations can be of different types such as: 

(a) accidents, 

(b) negligence or carelessness (Or a non-recurring nature), and 

(c) willfull non-compliance. 

Each one of these non-compliance situations warrents a response. enforcement response. The response may vary from simply coping with the situation and initiating mitigative measures to issuing penalties. 

The traditional owner-contractor relationship on most private 
projects 1s greatly complicated in the Pipeline project North of 60°N. There the relationship 1s more of that between a landlord (government, and in an, as yet unspecified way, the native 
people) (Company) -contractor-subcontractor arrangement. 
Enforcement problems are complicated by this relationship, as 5s 
relating to responsibility and proof. 

Both Applicants before the Inquiry have made assurances that the 
project can and will be built in an environmentally safe and 

ES ie 
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acceptable manner. They have undertaken Many Studies to Substantiate this claim and have made various assurances to allay any M1lSglvings not laid to rest y their studies. This should be viewed as a preliminary step in the formulation of specific Stipulations that Clearly define the responsibilities and performance standards, and hence the burden of proof that shall rest on the Company. 

There 1S one Particularly disturbing aspect of this. The Applicants' assertions, although well intentioned and made in good faith, are countered by the “case study" evidence lead by Other participants. They have cited cases which bear some resemblance to this Project. § (CPR, James Bay, Alyeska, NW British Columbia, Northern Manitoba, se1lsmic work etc.) and have shown how these projects can give rise to serious problems despit all the assurances to the contrary. 

The challenges. to the Company and government are clear. The first 1S to develop an adequate set of stipulations which, 1£ complied with, will permit construction of an acceptable pipeline bn the Arctuive.) Itevs submitted that the recommendations made in the various sections of this submission should be the foundation for such stipulations. Secondly, the government and the Company must develop an effective and forcefull means of assuring 
compliance. This compliance mechanism consists of project 
regulation by the Company and the government orientation and tralning (see previous sections) and, finally, enforcement. 

RECOMMENDATIONS: THE GOVERNMENT 

Proof 

1. The government should assert in the right-of-way permit that 
the onus of proof of acceptability for all activities and 
matters undertaken by the Company either di rectLy or 
indirectly shall rest entirely with the Company. 

Comment: The government should assess and make clear to the 
Company at the time that the right-of-way permit 1s issued, the 
exact extent of responsibilities and iiability that will apply to 
the Company in design approval and construction inspection 
activities. 

If there 1s any doubt about the effect of any proposed activity 
Or 1f the Company‘s documentation or performance does not 
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establish proof for 1ts case, the Agency should assess the risks involved and establish a Standard which, in so far as economics and technology permit, ensures that adverse effects of the activity are kept within acceptable limits. 

Where the risk associated with an activity 1s such that reasonable economics and existing practicable technology cannot assure that short and long term adverse effects will be within acceptable limits, the Agency should prohibit the activity. 

fam Thathe Company wishes to act in a way that does not conform to the Stipulations, codes, terms or conditions, established by the government, the Agency should require that the Company demonstrate to the complete satisfaction of the Agency the merit of proposed actions and that such actions will not be any more harmful to the natural or social environments in the short or long term. 

3. In assessing the cause of any adverse effect on, or adjacent to, the project, the government Should specify that 1t shall be sufficient proof to establish that 1t was committed by an employee, agent, contractor or subcontractor (or employees thereof) of the Company, whether identified or not. The Company should be held liable for all penalties and actions as described herein. 

Enforcement 

4, The government should, in accordance with the “1972 Pipeline Guidelines“ (p.4), require that the Company deposit a performance bond. 

Comment: The bond should be sufficient to assure compliance with all stipulations contained in the agreement. (The sum of one percent of the value of the project has been cuted before the Inquiry as a minimum). 

5. The government should require that, upon request, the 
Company's contractors post a Field Activity Bond with the 
Agency. 

Comment: The purpose of the Field Activity Bond would be to 
Provide direct assurance from the contractor engaged in an 
environmentally or socially significant field activity, that the 
work will be done in the manner prescribed by the Agency. The 

. ie 
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CONnClCACtOr. 

A Pleld Activity Performance Should be mandatory for the following: 

(a) 

(b) 

all activities On the Beaufort Sea Coast and on the North Slope of the Yukon; 

all main river crossings (1.e. those that are not built as part of the mainline Pipeline contract but are contracted separately). 

all activities that take place within designated or proposed LSP osttes, or Socially or environmentally critical areas as 1dentified by the Agency; 

all construction Camps with a population equal to or exceeding 100 men; 

all compressor station Sites; and 

other areas of activity such as fuel storage areas, waste disposal sites, wharves etc., aS may be designated by the government. 

If the Company or any of its contractors fails in any way to comply with the terms and conditions or the instructions of the Agency's field representative, the Agency should immediately arrange to have others Carry out the necessary work to ensure compliance and should charge all costs so incurred plus a five percent administration fee to the 
Company. 

The government should prescribe that the Company be 
responsible for inspecting the work of all uts contractors and subcontractors to assure that it is Gone within the 
prescribed terms and conditions, codes, Acts, Regulations and field instructions. Where non-compliance situations exist the Company shall be responsible for implementing all 
necessary mMitigatlve measures and shall be requlred to 
implement all penalties called for in ites contracts with the 
offender. 
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8. The authority to enforce all stipulations shoula be vested in the Agency‘s field representative, who should have the power to stop any activity which does not or will not comply with the terms and conditions. No work should recommence after a shut down until the Company has demonstrated conclusively that the problems associated with the shut down have been Overcome. 

9. The Agency's field representative should be empowered to enforce compliance in Situations where the Company or its contractors are failing to perform in an environmentally or socially responsible way by: 

(a) requiring the Company to change 1ts method of 
environmental and social inspection at a Site; and 

(b) requiring that a senior management employee of the 
Company or its contractor be on Site and remain on site to assume all responsibility for operations until 
environmentally responsible behaviour is demonstrated to the satisfaction of the Agency. 

10. The government should develop a hierarchy of measures of escalating severity that can be applied to individuals, groups, subcontractors, contractors and the Company both in the field, in the corporate offices and 1n the courts for non-compliance situations that might arise due to: 

(a) accidents, 

(b) negligence or carelessness, 

(c) wilfull non-compliance. 

Comment: The intent of the enforcement measures, legal or 
Otherwise, should be to respond to prospective and actual 
non-compliance situations in a way which: 

(a) immediately mitigates the situations by removing the 
cause and by initiating procedures that will remedy the 
damage done; 

(6) assigns immediate forfeiture of non-negotiable penalties 
that act as deterents; 
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(c) assigns penalties for violation to the Specific individual or group involved; and 

(d) assigns penalties that are proportional to the non- compliance situation and that escalate in severity with continued violations or with consistent non-compliance. 

The responsibility for environmental protection of each individual, union and company must be viewed in the same light as responsibility for Safety. Working in an unsafe Manner 1S universally acknowledged as belng unacceptable. Similarly, works must not be undertaken in an environmentally hazardous manner. As with safety, each individual who will be trained in environmental matters (see “Orientation and Training") has a clear environmental obligation. Therefore, the government should Stipulate in the appropriate documents binding on the Project that: 

(a) all individuals associated with the project shall be liable to prosecution for violation of existing Acts, Regulations, Ordinances, Codes, terms, conditions, and Stipulations, and therefore shall carry personal environmental insurance; 

(5) ain the event that environmental damage exceeds the ability of an individual or group to pay for 
restoration, all the Company's contractors and 
subcontractors, their unions and all persons working on the pipeline project shall carry environmental insurance equivalent to; in the case of companles and unions, five times the value of their total contracts Or union dues over the life of the project; in the case of 
individuals, twelve times their avevage monthly income based on a 12 hour six day week; 

(c) each person employed on the project by the Company or 
any of its contractors or by the government shall 
deposit with the Agency the equivalent of four days' pay 
(based on a 12 hour day) to be held in trust, with 
interest, as a Personal. Environmental/Social Damaae 
Deposit.This deposit shall be refundable with interest 
upon job termination or project completion except as 
noted below; 
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(d) workers dismissed from Eheir Job or officially reprimanded as a result of Social or environmental infractions shall forfeit all of their Personal Environmental/Social Damage Deposit to the Agency. 

Prosecution 

ene government should undertake to re-evaluate the adequacy for this project of all the penalties under legislation that will be administered by the Agency. 

Comment: Most environmental legislation was developed without cosideration of a multibillion dollar project of the type Proposed. Even with the recent increase in northern activity it 1S apparent that existing law 1s not Sufficient when it comes to enforcement and prosection' This matter should be reviewed. Varlous points are made in this regard throughout the various sections of these recommendations and include such things as penalties for feeding and harassing wildlife, control of OM Gish ara ce o for environmental reasons, destruction of important Wildlife habitat etc. 

12. All the Agency's field representatives should be thoroughly trained in the methods of gathering evidence and expediting Prosecutions for violations of stipulations relating to the pipeline project. 

13. Concurrent with the granting of the right-of-way permit, the governnent should appoint a special crown prosecutor whose Prime responsibility shall be to handle cases relating to the Pipeline project. 
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Enforcement and Penalties 

SOURCES OF INFORMATION 

1. Transcripts, Exhibits, Basic Documents 

Berger (68:10217; 95214512, 14518-19- 109:16686-88) 

CAGPL Banfield, A.W. (95:14431); Hemstock, R.A, 
(SL 13822=23)"s Jakimchuk, R.D. (96:14684-85); 
Horte, V. (43:5583-84; 44:5748-59; 49:6614-21; 
20:6622-23, 6667, O/0l-03) + MoCart- Po. (94:14209; 
97:14809) 

CARC Lent, P.C. (111:16948-49); Novakowsk1, N.S. 
(102: 15616-17) 

EPB McTaggart-Cowan, I. (48:6389; 108:16422, 16452-55); 
Templeton, C.H. (48:6440-41; 68:10188-93, 10208-18; 
107:16376; 108:16474-76) 

Comm. C. Mossop, D.H. (138: 21043-69); Norton, D.wW. 
(138: 21043-69); Simmons, N.M. (138: 21043-69); 

' Stephen, W.Jd. (138: 21043-69) 

Exhibit 872: Testimony of M.H. Rogol 
881: Beakhurst, G.J. 1976. Problems of regulating 
industrial activity 1n the Canadian North. 
882: Zemansky, G.M. 1976. Environmental non- 
compliance and the public interest. 

EGNP Expanded Guidelines for Northern Pipelines. 

2. Reports 

Estrin, D. et al. (ed) 
441974 Environment on trial: a citizen's guide to Ontario 

environmental law; Environmental Law Research 
Foundation, pp311-324. 

Gouvernement du Quebec 
&41976 Recommendations preliminalres suite aux audiences 

sur la Baie James; Counseil counsultatif de 
l'environnement. 
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Onus of Proof and Responsibilities SSL aaa rae 

Transcripts, Exhibits, Basic Documents 

Berger (67L9873-9876) 

CAGPL Horte, V. (43:5705-19); Longlitz, D. (70:10541); Marshall, J. (97:14749-71) 

EPB McTaggart-Cowan, I. (L072 I63S7y% Templeton, C.H. 
(6729873374) 
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ENVIRONMENTAL AND SOCIAL 
TRAINING PROGRAM 

GENERAL RECOMMENDATIONS 

Programs should be established well before the start of pipeline construction to provide Company (and contractors') staff at all levels with an understanding of the environmental and social circumstances of the pipeline project. All workers should be made familiar with Company and government regulations concerning social and environmental matters, and the penalties for contravening these regulations, 

Such programs should be developed and coordinated by an 
independent and educational organization, funded by the Company, 
responsible to the Agency and working in close cooperation with 
Company, union, native, government and environmental groups. 

DISCUSSION 

Both Applicants have agreed that some form of environmental 
education would be provided to all field personnel. The 
Environment Protection Board has been very specific in outlining 
the need for such programs and in suggesting how this should be 
done, 

While the details of program development should be left to the 
independent organization chosen to do the work, it is essential 
that the program be flexible enough to meet the varied 
requirements of different groups within the pipeline personnel, 
particularly in the case of environmental training. Thus 
environmental training for design engineers should have a 
different emphasis and perhaps content from training given to 
welders or equipment operators and those supervising the work on- 
Site will have yet another requirement for Ereaaniide — Aad 
environmental training should have a practical, immediate 
Orientation, focusing directly on regulations designed to protect 
the €nvironment and on the problems that would arise if those are 
not followed. 

The training of pipeline personnel in the social situation of the 
Mackenzie Valley has not received as much consideration in the 
evidence as environmental training, and yet the pipeline 
project's potential for creating social dislocation is at least 
as great as the threat it poses to the physical or biological 
environment. The Agency should ensure that training relating to 
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Social issues 1S given equal status with environmental] training, 

Again, the Orientation Should for the most Part be Practical ang 

related to Specific Tegulations, 
The Problems of delivering Such training Programs will be similar 

to these of €nvironmenta]l Programs, [I+ S€emsS sensible that they To Succeed, any program of the king indicateg will depend a great 

deal on the Cooperation of all Parties, The Agency must be 

Empowered to ensure that these training Programs, once developed, 

ere carried out in accordance with terms and Conditions that are 

RECOMMENDATIONS 

1, The Company Shall hire an independent educational 
Organization to develop and conduct an environmental] and government employees) aSSociated with the pipeline and 

Telated Projects (in de sign Offices as well as field 
POSitions) during both construction and Operation of the 

Construction Workers", and shal] include material] developed 

tO Cover Social factors Of particular concern to the Tégion 

and its People, 

Environmental and social training, 
5s While Short, introductory lectures for workers will be 

essential, it is recommended that the €mphasis of the 
Programs be on &@ continuous Series of lectures, audio-visual] 

Presentations and discussion Sroups held with the workers in 
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6, The orientation of the contents of the training programs is €£o be practical, stressing the kinds of social and 
environmental problems the individual pipeline worker would 
encounter while working in the North. 

Comment: The implementation of an effective education program 
will be a substantial undertaking that must receive priority 
within the Company. It is the key to responsible environmental 
and social performance. Some possible sources of assistance in 
establishing such a program might include: (a) Trent University 
Native Studies Program, (b) Pallisades Ranch, Jasper (Parks 
Canada Training School), (c) University of Alberta Arctic Summer 
School, (d) Northern Alberta Institute of Technology's Hinton 
Forestry School, (e) Frontier College, Toronto, (f) The 
Saskatchewan Institute of Technology, (g) Cornell University's 
Conservation Education Department, and (h) The Thorne Ecological 
Institute, Aspen, Colorado. 

7, The ultimate authority for all matters relating to the 
environmental and social education program shall be the 
Agency, It is expected that the Agency would set up 
monitoring procedures for the program that would involve 
special interest groups. In order to prevent biases and the 
wrong kinds of impressions from infusing such material, it is 
particularly important that the native people should play a 
Significant role in developing any material that refers to 
them. 

SOURCES OF INFORMATION 

‘lis transcripts, Exhibits, Basic Documents 

CAGPL Dau, P.eH. (3334283; 37:4784-85); Gunn, W.H. 
(97: 14804-05) ; Hemstock, R.A... (95:14505-08, 14521- 
22); Horte, V. .(49:6604-05); Jakimchuk, R.D. 
(37275818) seMcCart> PJ... (97: 14810) 

FH Blair, S.R. (58:8150-51); Bouckhout, C.W. (88:13213-15; 
100745250=58)5*" Mirosh, E. A. (66:9799; 67:9991-96, 
10028-31) 

EPB Craik, D.W. (46:6079-80); Gourdeau, E. (48:633u4-u40, 
6354-56, 6382-84; 109:16605-11); Templeton, C.H. 
(4736293-98; 107:16328; 108:16469-70; 109: 16605-11) 
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CommeC.. Longlitz, D. (72:10702-11) 

EGNP Environmental Guidelines pp. 16, 23 

CAGPL Application (as amended to 8 March 1976) Sections: 
Nua Galaty! ha 2 sO gt Het lerls staat DOs 

FH Application (as amended to 23 August 1976) Section: 5D- 
Se 1Oenl 

Reports 

Oetting, R. et al. 
1974 Guidelines for environmental training of pipeline 

construction workers, for the Environment 
Protection Board. 

Environment Protection Board 
1976 Environmental impact assessment of the portion of 

the Mackenzie gas pipeline from Alaska to Alberta; 
NOL lignoectsms 5) 0.045. 
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Project Operation 
OPERATION anp MAINTENANCE E 

INTRODUCTION GENERAL RECOMMENDATIONS 

The Company Shall operate and maintain the pipeline in a safe 

condition, and in a manner that will minimize impacts to or 

disturbance Of the environment, Every effort Shall be made to 

Can only be done in summer, | 

The Company shall develop detailed plans for Operations and 
maintenance of the pipeline System as part of the final design. 
These plans Shall be Submitted to the Agency for @pproval. The 

Prior to commissioning of the Pipeline, the Agency should review 
the concerns, recommendations and procedures discussed in this 
Teport in the light of the experience gained during the 
construction period and prepare revised terms and conditions for 

DISCUSSION 

Continuous activity, in the form of inspection, maintenance, 
repair and resupply, is a normal feature of the Operational phase 
of any large engineering Project, and Darticularly a 
transportation System such as a highway, railroad or pipeline, 
The level, nature and location Of such activities fluctuate from 
year to year, season to season and day to day. In general, a 
fairly high level of maintenance activity is required during the 
first "few yeers of operation until some form of equilibrium is 
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final years of a system's life are often marked by more frequent trouble since the cost of major repairs is not generally worthwhile. In a highly regulated industry, such as pipelining, the problems of this final period are not too severe, 

It must be recognized that all this activity throughout the operating life of the pipeline is essential to the continued safe Operation of the system. While some of this activity could have negative implications for the environment, it is essential to the pipeline and the approach must be to minimize environmental impacts. This may be done by restricting the time of year of certain activities, requiring that Special vehicles or equipment be used, requiring more hand work and less machine work, 
requiring planning input by professional biologists etc, 

The activities noted above -- inspection, maintenance, repair and resupply -- each comprise numerous Sub-activities, each with its Own propensity for impact on some aspects of the environment. One 
feature that is common to all the activity groups is a 
requirement for the continued movement of men, equipment and 
materials from one place to another. The impacts of this are of 
great concern and are most difficult to regulate. Other aspects 
of the inspection and maintenance of the System have the 
objective of keeping the pipeline and the right-of-way in a safe 
and stable condition. This in itself has positive implications 
for the environment, as a failure of the line or the right-of-way 
followed by a repair has considerably more potential for 
disturbance, particularly if it occurs in summer time, or at the 
peak of migration of an important group of mammals, birds or 
fish. 

One inherent difficulty with the proposed monitoring and 
maintenance approach is the lack of year round access along the 
entire pipeline right-of-way. It may be impossible to rectify 
some of the problems detected by inspection, unless one is 
willing to accept the major damage associated with moving heavy 
equipment across permafrost terrain in summer or through 
important wildlife areas during critical periods. . Summertime 
repair work is seen as the major environmental problem during 
Operation of the pipeline. This concern provides the main 
justification for imposing standards and regulations on any 
Mackenzie Valley pipeline that go beyond present practice. “This 
does not, however, eliminate the need for inspection, maintenance 
and contingency flans. . 
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ft must also be recognized that there is a minimum level below which the activity must not drop, otherwise the risk of an emergency Situation increases quite sharply. This holds even in areas and times of extreme environmental SCnsLtivity. tf any attribute of the environment is so sensitive that this minimum level of -activity is unaccepable, then the pipeline or facility concerned must be relocated to a less sensitive area or 
redesigned in a more conservative Manner. 

The need for ongoing inspection and maintenance or repair is 
particularly great in all parts of the pipeline system affected 
by surface drainage, streams and rivers. Although river processes 
have been the subject of many extensive research efforts, they 
remain unpredictable. This is particularly so for sub-arctic and 
arctic rivers, which are characterized by some processes not 
encountered elsewhere, such as the formation of icings, thermal 
erosion of ice-rich permafrost banks etc. If river related 
aspects of the pipelines were to be designed for the worst 
conceivable situations, the many unknowns would force the 
Applicants to adopt such massive and costly engineering measures 
that the projects would likely be uneconomic. t is present 
engineering practice to accept a certain risk of failure in the 
design of most river related facilities, such as bridges, 
culverts, dikes, training works etc., with major dams being the 
main exception. Some river processes are catastrophic in the 
sense that they are both unpredictable and unalterable once they 
occur. They run their course and whatever damage they do has to 
be repaired afterwards. Extreme floods and large ice jams fall 
into this category. An effective, well equipped contingency 
organization is the proposed tool for dealing with this type of 
event, 

Some other river processes are also unpredictable on a long term 
basis but, by taking place slowly, become predictable in the 
Short term. . Bank erosion, channel shifting, migration of deep 
scour holes and frost heave under rivers are processes of this 
type. Careful monitoring of stream channels, combined with 
preventive maintenance are the appropriate tools for dealing with 
them. 

Another area of concern relates to a phenomenon common to most 
engineering projects, namely the tendency for an abrupt change of 
personnel between the design and construction phase and the 
subsequent operating phase. So, since careful monitoring is an 
integral part of the operational phase and particularly the 
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solutions proposed for some river related problems, procedures 

need to be set up to assure that the assumed monitoring programs 

are in fact carried out and, more importantly, that the engineers 

in charge of these monitoring programs have the specialized 

knowledge of river processes to recognize any impending troubles. 

This problem also arises in other aspects of the maintenance of 

the pipeline, but it is most acute in this area of river and 

stream engineering. . There can be little doubt that intelligent 

monitoring combined with preventive maintenance can minimize 

environmental damage during operations. . 

The general approach to operations and maintenance of the two 

Applicants is very similar. Both propose to have the pipeline 

controlled from a "gas control centre"; Foothills plans to locat 

in Yellowknife, while Canadian Arctic Gas plans to locate in 

Calgary. For routine maintenance purposes, both Companies plan to 

Givide their systems (north of 60°N) into three districts, with 

offices and repair shops located in Inuvik, Norman Wells and Fort 

Simpson. .Foothills plans to locate a main maintenance and supply 

base at Fort Simpson. Arctic Gas proposes to have the main 

office for the northern division in Inuvik. 

The most important differences between the two Companies is their 

general approaches to transpertation. Arctic Gas proposes to 

have an airstrip at all except two of the ‘compressor station 

sites. Thus resupply, maintenance and repair work will be done 

from these sites, and travel, to work sites will be by Low-ground 

pressure vehicles and small helicopters travelling along the 

right-of-way. . Foothills does not propose to build any airstrip 

at compressor sites. Consequently, much greater reliance will b 

placed on the use of helicopters, including large, heavy-1if% 

machinese In addition, more over-land travel will be require 

and not all of this will be along the pipeline right-of-wa 

also “Roads, Airstrips and Helicopter Pads"). . 
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The following sections of this report déal with the major 
activities required, outside of compressor station sites and 
Operational bases, during the Operating phase of the pipeline. 
The sections are: 

(a) Line and Station Start-up 

(b) Line Patrol and Inspection 

(c) Routine Maintenance of the Pipeline and Right-of-way 

(d) Emergency Repairs to the Pipeline and Right-of-way 

(e€) Transportation Requirements for Operation and 
Maintenance. 

Specific recommendations follow each section. . 

SOURCES OF INFORMATION 

et Transcripts, Exhibits, Basic Documents 

CAGPL Carlson, M.E., Fielder, D.E. and Hurd, L.G. (40- 
42:5180-5528) 

FH Hushion, D.H., Littledale, R. and Mirosh, E.A. 
(68: 10038-10128) 

> 

CAGPL Application, Section 13.b 

Zs Rerors 

J.-E. Rymes Engineering Ltd. 
1975 Preliminary report on work and transportation 
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GENERAL RECOMMENDATION 

The Company shall schedule and Carry out the start-up operations for the pipeline and compressor stations at times and in a manner that will minimize disturbance to people, birds and mammals. 

DISCUSSION 

The start up of a pipeline involves an intricate series of activities mainly at the meter and compressor station sites, with perhaps some activity at intermediate valve Sites. The sequence of events is complex and comprises: start-up of the gas control 
centre, testing and start-up of main meter Stations, purging the line of natural gas on a sectional basis, testing, purging and 
start-up of each compressor station, testing and start-up of 
station services and utilities and transfer to remote control. 
If the start-up plan is to Succeed, each of these has to be 
performed successfully by the appropriate deadline. 

Both Applicants propose to use essentially the same plans and 
procedures for start-up. There are three main areas of concem 
in these plans: noise, human activity and timing. The problems 
of the noise associated with line and station purging are 
discussed in "Noise", "Compressor Station Noise" and "Blowdown 
Noise", 

The problems of human activity arise because of the complex 
nature of the start-up procedure. All the staff involved will be 
in radio contact with the gas control centre, Eowever, all the 
staff at meter and compressor stations and valves have +o he 
taken to those locations, which will presumably involve aircreft 
movements. During the actual start-up, which may take a few days 
for each section between compressor Stations, there will also be a 
considerable amount of air traffic along the pipeline and in and 
Out of the various facilities... Thus the whole Start-up operation 
could take a couple of months for the main line, and another 
month the following year for a Prudhoe Bay lateral. Foothills! 
revised Application allows three months for Start-up of the main 
line alone. ; 

The timing problem arises because, once construction is finsihed, 
the Company will wish to put the line into operation as soon as 
possible. The concern is that this noisy, busy procedure should 
not take place at a time that would disturb the mammals and birds 
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the region. Foothills has indicated, in its revised 
Application, that start-up of the main line will be done in the 
autumn of construction year 5, with additional compressor 
stations started-up in <¢he autumn of yeerss6, 7 and &.. No 
information is available on when Arctic Gas propose to start-up 
SCSera Te. 

RECOMMENDATIONS 

lve The Company shall develop a preliminary plan for line and 
Station start-up as part of final design. A final plan shall 
be developed well ahead of the completion of construction of 
the pipeline. Both plans shall be submitted +o the Agency 
for approval. 

Line and station start-up shall comply with the restrictions 
on noise generation described in "Noise", "Compressor Station 
Noise" and "Blowdown Noise". 

All people in the communities near the pipeline shall be 
warned before start-up commences. The warnings shall 
indicate the nature, time and amount of noise likely to be 
heard in or near the community and in the country between 
communities. e community warning procedure shall be sue 
ey aa ; rs ‘ ae oe tae suDmittea to the Agency for epproval beforehand. 

All aircraft and other vehicles used in the start-up 
procedure shall comply with the restrictions described in the 
section on "Transportation Requirements for Operation and 

. Modgnenwn aumratt 
Malncenence e 

£ atime when no avoidable 

is will result. It is expected 
that the start-up will be done in eutumn. 

Start-up shall be scheduled a 
disturbance to birds or mamma 

= 

CAGPL Horte, Vele (#5:25955-56) + Hurd, L.Ge (40:5224-25- 
&2:5431-37) 

FH Hushion, D.H. (68:10095-97) 
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Application, Sections Tass date ei seGal, 
14,.d.N.5.3.2 

Sections 3D-1.2, 3F-4 
f 5D-4.4, 6 
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LINE PATROL AND INSPECTION a SES UN 

GENERAL RECOMMENDATIONS 

The Company's recular inspecti On and line patrol program sh 
cover all lands used by or in the care of the co ompany an 
merely the pipeline right-of-way. The primary purpose of su 
inspection shall be to detect aberrant conditions so that 
maintenance and repairs may be made. 

All line patrols and inspections shall be done in such 4 manner 
as to have the least possible impact on wildlife, fish and 
terrain. Environmental concerns shell be given due consideration 
along with the risk of any engineering problems devel Oping when 
determining the nature and frequency of inspections. 

Recognizing that environmental requirements may constrain the 
frequency or closeness of any inspection, the Company shall 
design and ccenstruct the pipeline and associated facilities ina 
conservative manner. Drainage and erosion control devices, slope 
stabilizaticn measures, river crossings etc., are of particular 
concern in this regard. 

DISCUSSION 

Regular inspection of major operating pipelines is stenderd 
ractice PORE America. Such inspections ere a requirement of 

the CSA standard for gas transmission and Gistribution piping 
systems (CSA Standard Z184) and of the Gas Pipeline Reculations 
(NEB 1974). The purpose of the inspection system on an operating 
pipeline is to detect aberrant conditions. as early as possible, 
So thet corrective measures may be taken before a serious or even 
emezgency situation erises. The emphasis is on the prevention of 
trouble. This is achieved by frequent observation of the system 
visually or with the aid of instruments. Along a pipeline right- 

ao of-way, this observation is normally accomplished by fiying along 
the right-of-way at low altitudes in a light fixed wing aircraft 
-- the line patrol. This is supplemented by patrols in vehicles 
appropriate to the terrain ,conditions or even foot patrols. In 
aagcition, certain instrumental observations are also made. 

Arctic Gas plans monthly line patrol flights generally, with 
weekly flights during critical times such as the main snowmelt 
period when drainage and erosion control measures are most likely 
to fail, Foothills proposals are apparently similar. There are 
two groups of concerns arising from the proposals for line 
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patrols and inspection. One is the potential for disturbance by the actual line patrol activity, the other is the consequences of insufficient or inappropriate inspection. 

The first category includes items such as disturbance of mammals Ox birds by low flying aircraft, or disruption of Grainage and erosion control devices by careless Operation of vehicles. The 
impacts of these items can be minimized by regulating the type and use of aircraft or vehicles, and by appropriate design of 
erosion control structures. The second category covers failure to 
identify evidence pointing to things such as stream channel 
Shifts that may expose the pipe, pipe movements due to frost 
heave, thaw settlement or buoyancy problems, development af ice 
jams or surface icings, corrosion due to failure of the cathodic 
protection system, gas leaks and Slope failures on or adjacent to 
the right-of-way. The solutions to these problems are engineering 
in nature; they include measures such as instrumental surveys of 
pipe position, sounding of river channels in the Vicinity of the 
pipeline crossings, regular measurement of sedimen 
concentrations in streams, and a program of regular aerial 
photography of key localities, such as river crossings, ice jam 
areas and areas of springs and surface icings.. Provision for 
these, in the sense of survey datum points, bench marks or ground 
control for aerial photography, should be made at the time of 
construction. At river crossings, underwater inspection by divers 
may become necessary. 

Special attention also has to be paid to surface drainage through 
breaks in the backfill mound and Surcharge berm, through 
culverts, under roads, and around airstrips as well as along the See ee es Pee S 
ragnht-cie-way in general. 

If the restrictions on regular aerial line patrol mean that 
adequate visual inspection cannot be achieved, the use of aerial 
photography, or other remote sensing systems should be adopted. 

As the various impacts associated with line patrol and inspection 
cannot be eliminated, if the pipeline system is to be operated 
safely, the objective of the terms and conditions is to minimize 
the impacts, either by requlation of the nature of the 
activities, their frequency and spacing, or by constraints on the 
Seasonal performance of the various activities. 

( 
to 

' 
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RECOMMENDATIONS 

1. 

4. 

6e- 

The Company shall carry cut regular visual inspections of the pipeline right-of-way, using small fixed wing aircraft. The frequency of such flights shall not exceed one per week. The aircraft shall be operated in accordance with conditions described in the section on "Transportation Requirements for Operation and Maintenance", Helicopters shall not be used 
for line patrol in critical wildlife areas. 

The Company shall supplement the aerial line patrol as 
necessary, with ground patrols using low ground pressure 
vehicles or persons on foot. Foot patrols may be supported by 
vehicles or helicopters. Ground patrols across the Mackenzie 
Delta may be done by boat. Vehicles, boats and helicopters 
shall be operated inaccordance with conditions described in 
“Transportation Requirements for Operation and Maintenance", 

To the greatest extent possible, vehicle patrols shall be 
done in the winter season. Ground patrols in summer shall be 
done in conjunction with and with the approval of the 
relevant territorial wildlife agency and/or fisheries 
agencies. 

To the greatest extent possible, instrumental surveys for gas 
ieaks, pipe movements, erosion etc., shall be done in the 
winter season. 

Special programs of inspection and monitoring are to be 
produced for all desiqnated stream crossings, all slopes 

pale ate = eh where stabilization works are carried out as Part of the 
construction of the pipeline, and for any other sites 
Specifically requested by the Agency. The plans are to 
comply with the requirements listed in "River Crossings" and 
"Slope Stability". 

On 31 August of each operating year, the Company shall submit 
reports to the arpropriate government departments and 
agencies summarizing the findings of the previous year's 
monitoring of designated stream crossing and other special 
sites. 

Line patrol and inspection p 
of construction shall be app 
Agency. 

rocedures prior to the completion 
roved and supervised by the 





Project Operation 
Line Patrol and Inspection 

SOURCES OF INFORMATION 

ie transcripts, Exhibits, Basic Documents 

CAGPL Carlson, Mer. ; Fielder, ‘DoE BurdscLec. 
(40-42:5180-528) 

FH Holtsbaum, We Be . (6329149) + Hushion, D.H.; 
Littledale, R., Mirosh, B.A. (68: 10038-128) 

CAGPL Application; Section 13.b.4.5.2 

Responses; Question 55 

FH Application; Section 3F-5.4, 

PAAG section 9.5 

2e Reports. 

Canadian Standards Association 
19:73 Code for gas transmission and distribution piping 

Systemse . (CSA Standard 2184-1973). 

Natiqnal Eneraqy Board 
1974 Gas pipeline regulations. 

1976 Transcript, Mackenzie Valley Hearing, GH~i-76: PD. 
2982-84, 





Project Operation 

ROUTINE MAINTENANCE OF THE PIPELINE AND RIGHT-OF-WAY 

GENERAL RECOMMENDATIONS 

The Company shall maintain the pipeline and the right-of-way in a Safe and stable condition in order to reduce the requirement for repairs and the potential for environmental disturbance. In the planning, organization and performance of maintenance and repair work the Company shall give due consideration to environmental protection. 

Protection of the environment shall be a prime consideration in the selection and placement of work equipment, supplies and material for the routine maintenance and repair of the pipeline and the right-of-way 

DISCUSSION 

Regular maintenance and ongolng repalrs are essential to any Pipeline project. The maintenance and repair procedures for this project have a potential for great environmental impact. The Maintenance activity itself, and particularly travel to or along the right-of-way can disturb animal populations, destroy vegetation, disrupt drainage patterns and lead to erosion and the discharge of sediment into waterbodies. On the other hand, inadequate or insufficient Maintenance can lead to more seriou Or even emergency situations. 
69) 

Impacts of routine maintenance on the pipeline cannot be 
completely eliminated. Hence the objectives of the terms and conditions must be to regulate the activities in such a way as to Minimize the lmpacts, and where possible move them to less 
sensitive times of year. Because of the unpredictable nature of the activity, the recommendations can only be in the form of guiding principles. 

The great majority of right-of-way maintenance jobs are likely to 
be related to erosion control, revegetation, frost heave and Pipe 
buoyancy. These are all problems which probably do not 
immediatly endanger the continulty of gas supply... When and how 
this type of maintenance work 1s to be undertaken can be 
regulated. Some maintenance work will be required in response to problems that pose an immediate threat to the continuity of 
Supply -- for example an impending massive failure of a river 
bank or valley wall. In the face of such an emergency situation, 
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only the manner of the response 1s subject to regulation, and not the timing. The recognition of emergency situations 1S discussed in the following section of this report; “Emergency Repairs to the Pipeline and Right-of-Way". 

In the case of non-immediate right-of-way maintenance and repalr work there 18 a real danger that the Company will allow economic considerations to dictate maintenance decisions. This is Clearly Stated in the report “Drainage and Erosion Control Measures, Description and Proposed Design Principles“ (NESCL, 1975), where cO Spacing of backf11l mound breaks is computed by minimizing the combined costs of initial construction and maintenance. There is some evidence indicating that stream crossings will be designed on the same basis. This approach 1s totally unacceptable from an environmental point of view. 

Because right-of-way maintenance is environmentally disruptive it should therefore be minimized as much as reasonable economic constraints permit. Maintenance or repalr in summer 1s _ particularly damaging and it is therefore desirable to do as much maintenance as possible during the winter following recognition of a potential problem. The basic design philosophy has to be based on meeting certain Probabilities of failure, as specified ln the section of this report dealing with “Crossing Design Flows and Levels". 

(-) Oncerns related to how maintenance or repair work is executed are less severe, and mainly involve organization. The Company's Maintenance staff has to include some personnel trained to recognize environmental problems and they need to be placed in positions of Sufficient authority to assure that their concerns ere heeded. Bth applicants have made commitments in this regard. 

The general proposals of both Canadian Arctic Gas and Foothills ere guite Similar in regard to routine maintenance repair of the project. Both companies Propose to do as little ground work as possible during the Summer, and to restrict the use of vehicles and equipment to winter as far as possible. Discussion of the selection and use of vehicles for Maintenance purposes 15s 
included in the section of this report dealing with 

J! a = = fe +aonanersi “Transportation Reaquirements for Operation and Maintenance". 

| ho | 
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RECOMMENDATIONS 

igh All maintenance and repair operations shall be undertaken in a Manner, at times and using ecuipment and transportation modes that will minimize the impact of the activity on the physical and living environment. 

Major maintenance Operations and repair activities shall be scheduled, as far as possible, in winter; essential work only should be undertaken in summer. 

The Company shall develop provisional Maintenance plans on a regional basis as part of the final design of the pipeline. Final maintenance plans shall be developed prior to commissioning of the pipeline. The Plans are to be submitted to the Agency for approval and for the approval of the government departments and agencies that will be responsible for the regulation of the Pipeline during its Operating life. 

Site specific repair plans for non-emergency repairs shall be developed for all designated stream crossings, including dual-pipeline river croSSings, and for all other sites requiring special inspection or monitoring programs. Such plans shall be submitted to the Agency for approval prior to commissioning of the prpeline. 

On August 31 of each Operating year the Company shall submit reports to the appropriate government departments and 
agencies describing all maintenance work performed during the preceding year and giving a detailed outline of maintenance plans for the following year. 

The government may request maintenance work even if no damage iS apparent as yet, and 1f the Company should fa1l to execute 
the work as requested, the government may have it done by 
others at the expense of the Company. 

During maintenance of the Pipeline and right-of-way, Special 
attention shall be paid to: 

m) ~~ the status of the revegetation program; 

Lee the stability and effectiveness of the drainage and 
erosion control devices; 
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lc) .tHeStabilrey and effectiveness of sediment trapping devices; and 

(d) the repair of all damage whether natural in Orlgin, caused by the Company or caused by other parties. 

This shall not be taken to limit the liability of other Parties for damage resulting from illegal or improper use of the pipeline right-of-way. 

SOURCES OF INFORMATION 
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EMERGENCY REPAIRS TO THE PIPELINE AND-RIGHT-OF=-WaAY ee thE AND RIGHT-OF-WAY 

GENERAL RECOMMENDATIONS 

The Company shall prepare detailed contingency plans and 
procedures for the rapid repair, with a minimum of environmental disturbance, of failures or impending failures of the pipeline 
(leaks or ruptures), the right-of-way (washouts or slope 
failures), or lands under the care of the Company. 

The staff of the Company shall be thoroughly trained and 
rehearsed in the execution of such plans and in techniques to 
minimize environmental disturbance, . 

Protection of the environment and the activities and property of 
local people shall be prime considerations in the development of 
all contingency plans, in the selection and placement of work 
equipment, supplies and material for the emergency repair of 
failures of the pipeline or right-of-way, and in the response of 
the Company to any emergency situation which may arise. 

The need for emergency access to and along the right-of-way with 
@ minimum of environmental disturbance shall be a consideration 
in the development of all contingency plans and in the location 
and desian of the pipeline in general, and of the drainage and 
rosicon control measures in particular. . 

DISCUSSION 

For the purpose of this report, an emergency situation is defined 
as any Situation which a) interrupts or threatens to interrupt 
the continuity of gas supply, b) affects or threate affect 
any Civil works associated with the pipeline system or, c) 
creates or threatens to create a situation which would have been 
Geemed unacceptable during the original construction of the 
pipeline on the right-ofi-way, and on or adjacent to all lands 
under the control or in the care of the Company. An emergency 
situation warrants a prompt remedial response by the Company. 

Emergency repairs to the pipeline or the right-of-way have 
considerable potential for causing disturbance and damage to the 
natural environment. This potential cannot be eliminated if the 
project is to go ahead and the pipeline is to be operated safely. 
Thus the objectives of the recommendations must be to reduce the 
impacts to a level considered acceptable. The recommendations 
have to recognize that it is not possible to predict the location 

=_* 
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or timing cf an emergency situation. If a failure or cther problem can be predicted in either time or space, an emergency Situation should not be permitted +o develop. 

The general approach to contingency planning is similer £o Arctic Gas and Foothills, in that work equipment and suppli will be stockpiled at intervals and will be moved to the s the emergency when needed. Arctic Gas plans to have good supplies of vehicles and equipment at each compressor station along the Prudhoe Bay lateral (Coastal route), at each district 
headquarters and at approximately every second compressor station along the Mackenzie Valley. It roposes to move heavy equipment 
and supplies to the work site along the right-of-way, using low 
ground pressure vehicles. Foothills plans to have its main store 
of equipment and materials Only at the district headquarters and plans to move them to the work site by truck or low ground 
pressure vehicle as appropriate. Both companies propose to move 
mene tools and lightweight supplies to the work site primarily by 
heliccrter. Arctic Gas will move men to the compressor station 
stockpiles by fixed wing aircraft, 

Both companies propose to prepare detailed contingency flans to 
cover all emergency situation they foresee. Their plans are 
gescribed in their respective applications and were discussed at 
length during the heerings. Acain the epproach is similar. 
Environmental information relative to the right-of-way is to be 
compiled before and during the construction of the pipeline and 
incorporated as part of the contingency plans. These plans will 
be kept up to date so thet they reflect the true stetus cof ail 
equipment, staff, outside assistance evaileble ené environmental 
concerns. Furthermore, staff and covernment wildlife authorities 
and other environmental experts will be consulted aes necessary. 
Tne staff biologists will be made available immediately, via the 
communications system . 

The contingency flans are to be developed on a regional basis, 
with special sections to cover the different seasons of the year 
and the movement and behaviour of important animal populations 
within each region. The contingency plans cannot hope to be 
totelly site-specific about the hundreds of locetions where an 
emergency situation may arise. Thus the approech will be +o 
prepere master plans, including detailed descriptions of several 
typical situations at different seasons. Special plans for 
emergency repairs at river crossings were also described. Staff 
training wili be a part of the planning process. 
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Considerable evidence was produced about methods of transporting men and ecuipment to the site of an emergency repair. Four main 
modes of transportation will be relied upon: fixed Wing aircraft, 
helicopters, low ground pressure vehicles and air cushion 
vehicles. These are discussed further in the section dealing with 
“Transportation Requirements for Operation and Maintenance", 
Some special equipment, with an amphibious capability, would be 
necessary for repairs to a Cross-Delta pipeline, . 

Materials required for emergency repairs will be stored as 
indicated above, at compressor stations and district 
headquarters. Foothills also proposes to locate stores of 
equipment near major river crosSings. Both companies will require 
access to borrow material -- mainly gravel -- for repairs to the 
right-of-way and for backfilling after a pipeline repair. 

Pipeline ruptures at stream crosSings are unlikely but not 
impossible. Canadian Arctic Gas consider the risk sufficiently 
large, and the emergency repair job sufficiently difficult, to 
have accepted dual pipes for several major river crossings. For 
purely economic reasons Foothills propose to build Single-pire 
crossings only. Contingency rplans are only needed for single 
crossings. This does not mean that repair plans need not be 
prepared for all river crossings. By way of an example, Arctic 
Gas outlines the emergency repair plan for the Great Bear River 
rossing near Fort Nerman in its response to PAAG question 54, 

cS espond promptly to emeraency situs 
involving thre o the environment or the activitie 

" > oD 

property. The response shall have as its two prime 
objectives: 

(a) the repair or the prevention of the failure of the 
pipeline or right-of-way, and 

a ce ea rid Sue oe ee {b) the minimization of damace to and disturbance of the 
environment. 

2e The Company shall prepare comprehensive contingency rlans to c 

cope wi all forms of emergenc ituations occurring in 
different places and at differe mes of the year. Th es tim 
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plans should allow for emergencies developing during adverse weather or communications conditions, and for more than one 
emergency occurring at the same time, 

Provisional contingency plans shall be developed as part of 
the final design process, and final contingency plans shall 
be prepared and approved by the appropriate authorities prior 
to the commissioning of the pipeline system. 

The plans developed shall clearly demonstrate the manner and 
extent to which environmental protection has been considered 
in the selection and placement of vehicles, equipment, 
supplies and material for the emergency repair of the 
pipeline or the right-of-way. 

Site-specific contingency plans shall be prepared for each 
single-ripe crossing of a designated major river. Provisional 
plans are to be prepared as part of the preliminary desian of 
each crossing, with final plans prepared PEzor to 
commissioning of the pipeline. . 

Regional contingency plans shall be prepared, on the same 
basis, for all other designated stream crossings, the areas 
of potentially unstable slopes, the areas near or susceptible 
to damage by stream or surface icings and for areas with a 
potential for failure as a result of seismic (earthquake) 
events. 

The staff of the Company shall be thoroughly trained and 
rehearsed in the execution of the contingency plans, and in 
technicues to minimize environmentati disturbances. & 
training is to include periodic, realistic field drilis and 
other training as required. . 

Following completion of any emergency repairs, clean-up and 
restoration measures shall be taken. If appropriate, 
temporary measures only shall be made at the time of the 
emergency, with permanent measures being done at a time o 
year Suitable from an environmental point of view. 

The Company shall make and keep detailed reports on all 
emergency repair activities. 
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10. Each emergency incident or accident Shall be reported in 
accordance with Sections §5 and 86 of the Gas Pipeline 
Regulations (NEB 1974). In addition, on 31 August of each 
Operating year, the Company shall submit summary reports to 
appropriate government departments and agencies, describing 
all emergency repair activities undertaken during the 
preceding year, and indicating what steps have been taken to 
try and prevent similar emergencies from arising in the 
Suture... 

SOURCES OF INFORMATICN 

Transcripts, Exhibits, Basic Documents 1. 

CAGPL 

Foothilis 

Exhibit 

Foorhnitis 

ew eS 

Carlson, MeE., Fielder, D.E. and Hurd, L.G. (40- 
#2:25180-528); Dau, P.H.. (17:2002-04): Gunn; W.H. 
(98214904); Hemstock, RA. (22214202-21: 98:14902- 
O04; 99:15039-43): Williams, G.L. (1722002-04; 
Sie t19963° 1302157 78-9032, 132520119) 

Claridge, F.B. (64:9407-08); Ellwood, J.. 
(C-252 2587-48) ; Hushion, D.H., Littledale, R. and 
Mirosh, EeA. (68:10038-10128); Mirosh, E.A. 
(61A:8700; 62:8792-94, 8€58, 8873-76; 64:9404-05, 
S408-09) 

590: Foothills Pipe Lines Ltd. 1976. Responses to 
information requests erising for the Berger Inquiry 
- Foothills* Biological Environment Panel. 

Application (as amended to 8 March 1976) Sections 
teeDeG, TE.deN.5.35.35, and T4sd.n.6.3. 
Responses; Questions 22, 54. 

Application (as amended to 23 August 1976) Section 

ipe Lines Ltd. 
nvironmental input to contingency repairs (NEB 

h 

P 
Ex 

exhibit N-PD-459). 

' eal ! 



(ile wi 

ab eiue a ot aac 
0 emt wnbleges 280 ode 

ia ose to SEIEUA - Tt fevw) cooks cae 
Ve OF asioges yrange. Jtetoe Sis 

vs apeehaes nash 4aaisrece Sas eine 
pare paitud notesz subst eee 

J iat nesd-ered sqade. sate paises ca 
silt ai phiets gE wi 

Na 

we 

a hes ; BSn oud" Stes Goss gions A: . : 
—— 7 ; 

' - 3 

te m4 Pa sab isda. «zak “Jace tess i 

(AdeCOOS Uhh wet costs (ee cuOaT ds 7 
Psve’ Ghee QOlSe ess): otek oosame ke: 2 he eur ERey aa 

lO=—f At): cP feu—Ee g90~-£ 000. Tr). 6.2 eee Ete serzoet sauert 290 °° U5 
rrPOSsSEr seer terzoEer sage nian 

t ,Soowlls~; (80-Foats29). a4 eapbizs{5- aLLidsos Sere » rr ac, Fit y a el a it fists, . . {ie-T HES 2¢$- 5). a 

; veontel-s (eStore 8600 irs Bur U8 Ss aoeem © = 
So-hOME PS sAaTSETER Beas One Ss od ;0OTS eat ay weet 

; rie, , (20-6009 + 
t 

a j = Lo 

2 IBIOGsOA, |) OT? I PST Geet egg ett sas ous, 2088... 
L ISL79G, ss, 253 palatts etesrpaen solsamzotcs 

viseseT tnamorpvias. Lesinelo ia saictooy 2 3 

We let & ——- > 5 may = @ ie Sh esr 
‘ at o 7 + es a” * Kew = ) bows bag tn sod Sebesmshels) sapsasidags 6 

E Eos HEA Bnd yEse Sie Oval yeeteal 
7 Sc. metas ire bac ta 

e) 



Project Operation 
Emergency Repairs 

National Inergy Board 
1974 Gas Pipeline regulations. 

JeEe Rymes Engineering Ltd, 
1975 Preliminary report, work and transportation 

equipment.. for CAGSL. 





Project Operation 

wr) TRANSPORTATION REQUIREMENTS FOR OPERATION AND MAINTENANCE 
AND “MAINTENANCE 

GENERAL RECOMMENDATIONS 

All transportation and work egulipment used during the operating period of the pipeline shall be selected, deployed and operated SO aS to protect the environment. 

Company specifications for the selection and operation of all such equipment shall be reviewed and approved by the Agency in terms of environmental Sultapilsgty, priador-to commissioning of the pipeline. 

All vehicles to be used by the Company shall meet or exceed the abproved specifications with regard to requirements designed to achleve environmental protection. 

All vehicles shall be overated within thelr operational 
Specifications; operational restrictions designed to promote or 
achieve environmental protection shall be strictly followed. 

DISCUSSION 

The activities of inspection maintenance and repair of the 
Pipeline and right-of-way are all heavily dependent on various 
items of transportation eguipment. The line Patrol 1S carried 
Out mainly by light aircraft; access to the right-of-way is 
usually by helicopter or truck, travel along the right-of-way is 
Dy low-ground pressure vehicle or Snowmobile; the movement of men 
and equipment from station to station by truck or aircraft and 
the annual resupply of stations and bases is by barge and truck. 
All these forms of transportation have a potential for causing or 
leading to environmentel disturbance. In some cases carefu 
Operetions or timing can limit or even eliminate the disturbance. 

The proposals of the two Applicants with reqard- to. aircraft and 
vehicles are generally similar. Foothills proposes to make more 
use of conventional highway trucks as the Mackenzie Highway 15S 
extended down the Mackenzie Valley and to be much more dependent 
on helicopters, including large heavy lift helicopters, for the 
movement of men and materials to compressor sites. Canadian 
Arctic Gas proposes to use more fixed wind eircraft of the 

more use of various 

the right-of-way. 
Sing air cushion 

“medium” size (e.g. D.H. Otter) and to mak 
low ground pressure vehicles for travel al 
Both Applicants refer to the possibility o 
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vehicles for maintenance and Tepalr work. Canadian Arctic Gas's plans in this regard are more developed. 

Foothill's heavy reliance on helicopters for transport of equipment and men gives rise to concerns over the reliability of their plans. Helicopters cannot operate, legally and Safely, under adverse weather conditions such as fog, 1cing, darkness, extreme low temperature and, in particular, white-outs. Should an emergency Situation arise under any one of these conditions, Foothills response capabilities could be severely curtailed. 

RECOMMENDATIONS 

1. Preliminary plans for the operation of aircraft, off-road vehicles, boats and air cushion vehicles shall be submitted to the Agency at the time of final design. Detailed plans are to be developed by the Company 1n conjunction with the relevant government agencies, under chairmanship of the Pipeline Agency, prior to commissioning of the pipeline. 

AIRCRAFT OPERATIONS 

The main impact of normal aircraft operations 1S likely to be on animals and particularly aggregations of animals such as calving caribou, resting or Staging birds or overwintering Dall sheep. 
Isolated animals such as nesting falcons are also highly 
vulnerable. Any animal is likely to be disturbed by low-flying 
Glrcraft, particularly if the aircraft follows them or “buzzes" 
them. Harassment of animals is illegal. The impact of normal 

RECOMMENDATIONS 

2. All aircraft operations shall be in accordance with plans 
worked out in conjunction with and Supervised by the relevant 
Territorial wildlife agency and the Canadian Wildlife 
Services, and designed to meet the concerns outlined in the 
sections of this report on “Wildlife Protection". Such plans 
Shall specify types of aircraft, Frequency of flights, 





Minimum flying height, flight corridors and are of avoidance and provisions relating to landings by hel In addition aircraft should be operated under t fo 
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COMStigad Wess 

a) 

D) 

hh 

iQ ~~ 

a ~— 

The Company shall not be permitted to rely exclusively on helicopters for emergency access to the right-of-way. 

Supply aircraft flying between compressor stations ana public airports shall maintain a Minimum altitude of 2500 ft except as in clause (v), below. 

No aircraft shall be operated in such a manner as to 
harass, chase or unduly disturb any animal. 

Along the north slope of the Yukon, no aircraft shall fly at any altitude of less than 250 ft within two 
miles of calving caribou of the post-calving 
aggregations of caribou. 

Along the north slope of the Yukon and in the Mackenzie 
bella, no aircraft ‘shalt fly at an altitude less than 
5000 ft within two miles of concentration of staging 
geese. 

s r v — = i Along the west side of the Mackenzie Delta and the 
eastern slopes of the Richardson Mountains, no aircreft 
shall fly at an altitude of less than 2500 £+ Within two 
Miles of Dall sheep when lambing or overwintering, or (yes ~ = Le ‘ tT Ker Pyat } witnin two miles of mineral licks used Dy Dall sheep. 

Generally, no aircraft shall flv at an are tide “ot less 
than 2500 ft within two miles of any concentration of 
“Hs th=7 white wnalies. 

Generally, no aircraft shall fly at an altitude of less 
than 2500 ft within two miles of the nest site of a 
peregrine falcon between April 15 and August 31 of any 
year. 
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k) If helicopters are useq aS support vehicles for foot- patrols, all the above restrictions are to be observed. 

~ ~~ In forested regions, line patrol aircraft are not to "herd" or chase animals along the right-of-way. The @lrcraft 1S to climb and circle, and allow the animal to leave the right-of-way before resuming the inspection pig BUR e Ag 

m) Flights should not be permitted to begin 1f there us any reasonable probability of weather conditions forcing the Pilot to break any of these FeSstrictiongs. 

n) In any emergency Situation, as few as Possible of these restrictions are to be broken... At the conclusion of the emergency Situation, a detailed report of the aircraft operations, including all incidents of potential wildlife disturbance is to be submitted within 30 days to the Canadian Wildlife Service and the relevant 
Ceri cOrladl wrlaltre agency. 

OFF-ROAD VEHICLES 

This covers vehicles that have been referred to during the Inquiry mainly as low ground pressure vehicles. They comprise various wheeled or tracked vehicle, designed for use in muskeg, over rock, or rough ground and over snow covered terrain, and even include sleighs and motorized toboggans or snowmobiles. 

A wide variety of such vehicles, suitable for summer and Winter Operations over a range or terrain types, are available for the Company to choose from. Over the last several years, 
considerable improvements have been made 1n these vehicles, Particularly changes to minimize the effect of the vehicle on the ground surface. Today, an appropriate vehicle, carefully 
Operated can travel almost anywhere without damaging more than a very small proportion of the ground surface and surface 
vegetation mat, even when quite heavily laden. 

Off-road vehicles will be used primarily for the transportatio 
of equipment and supplies along the pipeline right-of-way, They Will be used for normal maintenance and repair work and for 
emergency repairs. They may also be used for inspection jobs. 

! 
ies 

| 
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The key points are that the vehicle should be eppropriate to the terrain and the season, the loading should be done so that the weight 1s evenly distributed Over the wheels or tracks, and the vehicle has to be operated carefully and within the design limitations regarding slopes, ground bearing strength and soil Shear strength. 

The main area of concern over the use of off-road vehicles is that the ground surface vegetation mat will be damaged or destoyed, leading to erosion of the ground surface, disruption of the surface and shallow Subsurface drainage, disruption of the Soll thermal regions and the deposition of sediment on land or 1ts discharge into waterbodies. A second area of concern is that animals may be disturbed or harassed by the passage or noise of the vehicle. The third area of concern 1S the manner in which such vehicles will cross streams and rivers, particularly in a summertime emergency situation. Both Applicants refer to “air- transportable pontoon sets" for use in this Situations The 
reliability of such units, the-effect their use may have on riv Or stream banks and what problems can occur in their use are no wellaknown.--Untri.theaur Satisfactory use has been demonstrated they should be confined to crossings of streams which are known not to contain sensitive populations downstream of the crossing Site at the time of the crossing. 

(D 

During the construction of the Pipeline, there will be some 
difficult locations where the temporary naul road established 
along one side of the right-of-way will diverge from the racht— 
of-way for short distances. In general, such divergences are in areas of steep slopes, and river or valley crossings, and they 
will be laid out for wheeled vehicles, such as crew buses and 
pipe trucks. Such divergences are known in the trade as “shoo- 
fly roads.“ Some of these roads may have a part to play during 
the operation and maintenance of the pipeline, for by keeping 
them 1n a serviceable condition, maintenance vehicles could use 
the shoo-fly roads to avoud unnecesSarily travelling steep or 
Mohrcultequound. elf this )is -the case, the shoo-fly roads should 
be laid out and constructed with this in mind. On certain 
Slopes, 1t may even be necessary to build a gravel road as a 
Shoo-fly. The value of such lines of relatively easy access may 
pe perticularly important in the event of an emercency situation 
@rising in the summer time. The upkeep and use of such trails is 
infinitely preferable to having off-road vehicles finding new 
wavS around obstacles on an unplanned basis. 

! 
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ADart from careful selection and Operation of off-road vehicles, the best way to avoid environmental disturbance is “fore- ehougne’s ook thoughtfully planned activity 1s much less likely to run into problems than a hurriedly mounted, and possibly under- equlPped Pactivreys (The Operation of vehicles along the right-of- Way without damaging the drainage and erosion control structures Will be made much easier if those structures have been designed to allow the easy Passage of vehicles. 

RECOMMENDATIONS 

3. Travel along the right-of-way shall be in accordance with plans developed in conjunction with and Supervised by the relevant territorial and federal wildlife, fisn and land use agencies, aS appropriate. Such plans shall Specify types of vehicles, frequency of Passage and times and areas of 
avoidance. In addition off-road vehicles shall be operated under the following restrictions: 

a) During the operational phase of the Pipeline, the 
Plpeline company or contractor vehicles Shall be 
confined to 

2) land under lease to the company 
a Pupiiceuroads, Or 

1a) right-of-way activities covered by a land use 
permit 

b) Pipeline company or contractor vehicles On public roads 
shail be licensed, shall obey all traftie cules, 
including direction of travel, speed limits and load 
Begubetions, at‘dil tintes; 

co} Vehicles travelling from one part of the svstem to 
another, (1.e. not doing work) shall be operated on 
prepared and approved road surfaces, whether permanent 
Or temporary, gravel or snow and ice, whether on lands 
under lease, lands under a land use permit; or public 
roads. 
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da) Vehicular travel along the pipeline right-of-way for Malntenance purposes shall be confined, as far as possible, to the winter months when there 1s sufficient frost penetration and snow cover to provide adequate Protection of the ground surface. This also applies to shoofly roads. 

e) Vehicular traffic on the right-of-way shall be kept to a Minimum, and preference shall be given to off-road vehicles at all times of the year. Tracked vehicles Should be fitted with non-aggreSsive grousers on the tracks. Vehicles are to be Operated at low speeds, and Particular care 1s to be taken when turning vehicles so that the vegetation mat 1s not cut or scarred. 

£) Under emergency conditions, summer travel along the right-of-way may be permitted. Summer emergency 
conditions comprise the following situations: 

a) Dipeline rupture resulting in interruption of 
service, 

tes) an lmpending rupture demanding prompt corrective 
action, 

oat) danger to human life, or 
lv) @ critical environmental hazard. 

g) Land-use permits shall be obtained, 1n advance, for each 
and every operation which may involve the operation of 
Pipeline company vehicles off-road and outside the lands 
leased by the Company. 

h) All off-road vehicles shall be fitted with 
mufflers and control devices. These device 
kept 1n good working order at all times. 

n Oo 

During the construction of the pipeline, the Company shall 
construct all drainage and erosion control devices of 
Materials and in a manner that will allow easy passage of 
off-road vehicles without damage to the structure concern a) Qu 

The Company shall design, build and maintain sel cted shoo 
roads 1n such a manner as to facilitate their long term us 
by pipeline maintenance and repalr vehicles. 
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ROAD VEHICLE 

A number of road vehicles, such as cars and light trucks, and work equipment, such as graders and loaders, will be required at each compressor station Sites and at the headquarters site ror local transportation and Maintenance purposes. Such vehicles should be operated entirely on prepared gravel Surface, such as the compressor station pad, airfield, wharf, stockpile site and connecting roadways, and on public roads. In this case, no major concerns arise. 

Conventional highway trucks and tankers will be used for the resupply of sites and compressor stations accessible from the all-weather public road network. No unusual concerns have been identified. 

RECOMMENDATIONS 

6. Road vehicles and work equipment shall not be operated off Drepared surfaces. 

7. All road vehicles and work equipment shall be fitted with effective mufflers and emission control devices. These 
devices are to be kept in good working order at all times. 

Barges will be used to resupply sites and stations 
the public road network. No unusual concerns have b 

remote from 
n 

identified, with regard to barge operations for resu 
i 

: 

purposes. To the extent that the Company can influence the barge 
operators, the same restrictions recommended for the construction 
of the pipeline should apply. With regard to procedures, and 
particularly fuel handling, at Company owned wharves, the 
recommendations for the construction period must be followed. 

Small boats will probably be used mainly for inspection work such 
as channel soundings at major designated river crossings and for 

= = } ; a } M = ~~ |r o7 been inspection work along any pipeline within the Mackenzie Delta. 

Tne main concern with such operations 18s the potential for 
disturbance of white whales in Shallow Bay, particularly during 
the calving period. Other than this, the occasional Operation of 
small boats will not be very noticeable amongst the other boat 
traffic on the rivers concerned. 

d 
! ~ ! 
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RECOMMENDATIONS 

8. The use of boats by the Company shall be in accordance with plans worked out in conjunction with and Supervised by the relevant Territorial and Federal wildlife, fish and land use agencieS, aS appropriate. Such plans shall Specify the types and sizes of boats and motors to be used, the frequency and speed of passage, travel corridors and times and areas of 
avoidance. 

9. The Company shall follow the Procedures recommended for use during the construction phase of the pipeline when loading or unloading barges or transferring fuels to or from any barges. 

10. Small boats with motors should not be used by the Company in Shallow Bay during the white whale calving period, from 
approximately July 1 to July 31 of any year. 

SPECIAL WORK EQUIPMENT at ae RA eS 

Several items of special work equipment are required for the 
repair and maintenance of the Pipeline and the right-of-way. In 
Maintaining and repairing pipelines in southern Canada, the sort 
of equipment involved includes backhoes, bulldozers, side-booms, 
graders, loaders, and various wheeled trucks. All these vehicles 
have high to very high ground Pressure and most have aggressi 
grousers or tread on the tracks or tires. 

4 

ve 

ry 

Ta EKO) eye (43) 

Such conventional equipment would not be 
ntenance and repair of this pipeline, 
damage that would be done to the ground 

i u ce vegetation mat. Neither Applicant 
mplates the use of such equipment except at a work site. In 

Summer the equipment will be transported to the work sites on low 
ground pressure vehicles, and even then various forms of 
Protective matting will be used in an attempt to minimize terrain 
damage. In winter, once the ground is frozen and there 15s a 
sufficient cover of snow, the work equipment can be safely driven 
along the right-of-way under its own power. In many inStances, 
ths will be appropriate CoO Construct a snow road for such 
movements, particularly 1f road vehicles are needed. For 
summertime emergency Situations, both Applicants plan to have 
some low ground pressure vehicles eguipped as work vehicles, 
Dackhoes, side-booms or gravel trucks. The operating 

) 
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restrictions recommended for off-roag vehicles will also apply to tnese special pieces of equipment. 

Both Applicants have also indicated that air cushion vehicles (also known as “Hovercraft", ground effect venicles and surface effect vehicles) will be employed where feasible. Foothills recognize that the effectiveness of air cushion vehicles is limited by surface configurations and topography. Canadian Arctic Gas stated, both in the Application and in evidence, that they 1untend to have an air cushion vehicle based at Inuvik to transport equipment and materials across waterbodies during flooding and ice flow conditions, especially in an emergency Situation. Cross-examination of Arctic Gas witnesses showed that they were not familiar with the designs or operational Capabilities and limitations of the currently available machines, the type of machine they would choose, the manner of testing and use of such machine or the potential for environmental impact. Three main areas of concern have been identified regarding the use of air cushion vehicles: hoise, terrain damage and 
relispi lity. 

Noise 

Towed machines are reported to be no worse than any large diesel engined vehicle. However, the noise of the tractor unit, which 1s usually a diesel engined vehicle, must be added to that of the eir cushion-raft. Noise measurements on two towed alr cushion rafts gave levels of about 80 dBA at 100 feet from the stationary machine in hover mode, which 1s equivalent to 60 dBA at, 1000 
feet. Self propelled machines can be much noisier, due to the Propulsion equipment. However, good data on environmental noise 25 NOt readily available Particularly for a cruising machine. The only figure available 1s one of 92 4GBA at 900 feetr thps. we 
equivalent to 106 dBA at 100 £eet, and 86 dBA at 1 7000 feet. 

The impact of the operation of either VMepLoles.on wildiite is 
likely to be extreme. All animals within a certain distance, 
which 1S not presently known, will be affected. Those that can, 
will flee, and in the case of nesting birds, this will result in 

creased reproductive success due to chilling. gr wredation of 
GS or chicks. A méeximum noise level of 50 @BA at 1,000 feet 
S been recommended as desirable for compressor stations. ee 
1S can be interpreted to mean that a noise of 50 GBA Mite dae et 

unduly disturb wildlife, the following conclusion can be drawn: 

Lo a ¢ ew I, 
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ray) One pass of a@ towed air cushion vehicle will lead to more or less severe disturbance (noise greater than 56 dBa over a swath of 3200 feet wide, with lesser disturbance, (noise levels 50-56 dBa) for a further 1,600 feet on either Side, for a total width of 6,400 feet. 

b) Similarly, one pass of self Propelled air cushion vehicle will lead to severe disturbance over a swath of 6,400 feet wide and some disturbance over a swath of 12,800 feet wide (2 Wee Ailes). : 

) in addition, noise and air blast can be expected to 
severly disturb white Whales, for an unknown distance 
from the machine. 

Terrain Damage 

Two aspects of terrain damage appear important. These are first the impact of the air cushion itself and secOnd;, in the case of towed or tow assisted air cushion vehicles the impact of the 
towing vehicle or tractor. 

Contact between the air cushion skirt and the ground causes some damage to vegetation and a Slight increase in the depth of thaw of the soil. The effects are most ser1lous 1n wet areas and on the rairsed tops of soil hummocks. The PEeCOVEryY. per lod can “be “as much as five years, following several passes of the machine. 
Patterned ground can make air cushion vehicle operations 
avirreult vas the troughs between polygons or earth hummocks can 
cause excesSive alr cushion loss, 1ummobilization and skirt 
damage. No impacts appear to result from winter travel over a 
frozen and snow-covered surface. 

The impact of a tractor unit Owing an air cushion vehicle is 
dependent on a number of factors. These include the mass of the 
alr cushion vehicle, the slope angle and length, the nature of 
the tractor unit and the manner of use. On steep slopes, there 
1S a tendency for the air cushion to leak out of the downslope 
Side of the air cushion vehicle skirt, thus the up! 
in contact with the ground, resulting in mechanic 
cerrain. A large heavily laden air cushion vehic 
@ high draw-bar pull to move it up as 
high enough to result in sitppage of. ¢ 
tractor, considerable terrain damage c i er (eer toe) 
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the tractor unit winch the air 
be largely avoided by nhaving 

S, rather than tow it Die 

a 
cushion vehicle up Slope 

One complication to the Operation of an air cushion vehicle Overland 1S that it cannot operate on a side-slope. The vehicle just slides down to the bottom of the slope. Thus a towed air cushion vehicle would need two tractor units, one in front and one behind to enable it to follow the right-of-way. 

RePiabrii ty 

The purpose of having an air cushion vehicle stationed at Inuvik 1s to provide unrestricted access to the pipeline right-of-way for heavy equipment and Moaler vel soatea li) eiMmesmor tiie year and with a minimum of damage to the terrain. Undoubtedly such a vehicle will permit operation over water, 1ce, lce-infested water (during freeze-up and break up) and over land. 

However, there are several factors which Wide amie the 
usefulness of the machine in parts of the regions. These include 1tS poor slope climbing capability, its inability to operate in moderate to severe weather conditions, particularly in high 
winds, poor visibility, dangerous icing conditions or over high waves, and 1ts poor obstacle crossing capability. Another aspect 
Of getiability isthe great gi firculty in making field repalrs, 
patetcurarivyeto the’ skirt) Skirt wear and fairture can be very 
rapid over rough ground. Most machines lack ea selfi-jacking 
capability, but if other machines are used to Sonnet esr 
repair, considerable terrain damage can result. 
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Conclusion 

Alr cushion vehicles are unacceptably noisy for regular use in a 
Wilderness area; if operated other than with Great care and 
skill, they have a potential for causing terrain damage; and 
their limited ability to cope with sloping terrain and obstacles 
limits the areas in which they can be used effectively. Problems 
of navigation, safety and reliability of the machine per se, 
repair difficulty, etc., have not been discussed. Some of these 
also have implications for environmental disturbance and damage. 

RECOMMENDATIONS 

il. Low ground pressure vehicles fitted as work equipment shall 
observe all the operating restrictions recommended for off- 
road vehicles in general. (Recommendations 3, 4 cana 5.4 
above.) 

IZ. The Company shall not Eeiveexclusively lon any form of air 
cushion vehicle for the maintenance and repair of the 
pipeline or the right-of-way. If the Company wishes to have 
Such a machine on strength un Inuvik during pipeline 
Operations to aid the other equipment, detailed procedures to 
avoid or mitigate ell aspects of environmental damage shall 
be developed; and submitted to the Agency for approval before 
commissioning of the pipeline and any use 1s made of the 
machine. 

ration of air cushion vehicles shall be in accordance with 
ns developed in conjunction with and supervised by the 
event feceral and territorial wildlife, fish and land-use 
neies. such plans shall specify the type and size of 

guipment, frequency of passage, travel corridors, and times 
nd areas of avoidance. 
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14, A1r cushion vehicles shall not be operated along the Yukon 
north slope or in the Mackenzie delta in summer. 
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GENERAL RECOMMENDATION 

in the operation and maintenance of all its facilities, including 
but not limited to compressor stations, meter stations, valves, 
airfields, wharves, maintenance depots and the like, the Company 
Shall have the continued protection of the people and environment 
of the Mackenzie Valley and northern yukon as a primary 
objective. . 

DISCUSSION 

There will continue to be a considerable amount of human and 
industrial activity at the complexes of facilities associated 
with each compressor station site when the construction phase 
ends and operation of the pipeline begins. There will be lesser 
amounts of activity at the smaller sites, such as meter stations, 
valves, river crossings and remote communications sites, and 
there will be greater amounts of activity in the settlements 
where the Company's division and district headquarters will be 
Situated. 

The compressor station sites will have been used for construction 
camps and material stockpiles, and so the general level of 
activity will actually decrease after commissioning of the 
pipeline. There will, however, be periods of more intense 
activity if the Company loops the pipeline or adds furtti 

‘ 

compression. 

A’wide range of activities will occur at the various sites, but 
most will fall under the five general headings of inspection, 
maintenance, repair, resupply and waste disposal. . Along with the 
engineering activities, such as compressor and chiller 
maintenance, there will be a range of supporting activities, such 
as storage of supplies and emergency equipment, water supply and 
sewerage for living quarters and vehicle repair; and above all 
there will be the continual presence of people in an otherwise 
sub-wilderness area. . 

All these activities are esSential to the continued safe 
operation of the pipeline, and so their overall impacts cannot be 
avoiaed. The objective of the terms and conditions must 
therefore be to reduce the effects to an acceptable level. There 
are no serious concems over most of the activities which will 
take place inside the compressor stations. The serious concerns 
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relate to matters which will or may directly affect the 
environment. Some of these activities include: 

storage of fuels and toxic materi 
waste disposal -- sewage, garbage 
water supply and treatment, 
noise from compressors, chillers and blowdowns, 
exhaust emissions from compressors, flares and incinerators, 
use and maintenance of wharves and airfields, 
emergency repairs to the pipeline or right-of-way, 
repairs to civil works at the complexes. 

als 

, trash, Lubricants, 

The other main area of concern relates to the presence of people, 
and their impact on the fish and game populations of the area. 

The proposals of the two Applicants, in regard to station, and 
facilities operation, appear to be quite similar and are 
satisfactory in so far as they go. More detailed plans and 
procedures will have to be developed and submitted to the Agency 
< the time of final design. The following recommendations are 

to provide guidance to the Company in preparing the operating 
plans, and to the Agency in reviewing those plans. The 
recommendations will indicate some examples of matters of concern 
to the Inquiry; the listing of topics is not complete and is not 
intended for use as a formal checklist. 

RECOMMENDATIONS 

1. The Company shall prepare detailed plans and procedures for 
the operation, inspection, maintenance, repair, resupply and 
waste disposal of all facilities associated with the 
pipeline, and shall submit them-to the Agency for approval at 
the time of final desidqn. 

' 
tO 

' 
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2. The plans shall cover, but not be limited to, the following 
types of facilities: 

compressor stations airfields 
(initial and future) roads 

meter stations wharves 
valves stockpiles 
river crossings (work pads) communications sites 
borrow sites maintenance depots 
divisional headquarters district headquarters 

Individual plans shall be developed for each of these, as 
necessary. . 





In the operation and maintenance 
the following criteria should be 

a) The storage and handling of 
the supply of water and all 

Project Operation 
Facilities -- Inspection 

of the various facilities, 

observed. . 

fuels and toxic materials, 

aspects of waste disposal 
Shall comply with the recommendations of the section on 
"Construction Services and Activities". 

b) Waste disposal and emissions (including noise) from 
facilities shall comply with the requirements of the 
section on "Physical Environment". 

Cc) The stability of slopes, the efficacy of drainage and 
erosion control structures and the integrity of new 
vegetation at and around all facility sites shall be 
maintained. Tree and shrub 
mechanical means only; 

control shall be achieved by 
no herbicides shall be used. 

a) The use of vehicles, aircraft, boats and work equipment 
Shall comply with the recommendations in "Transportation 
Requirements for Operation and Maintenance’. 

e) There shall be no hunting of game from facility sites, 
other than the district or divisional headquarters at 
which each person is domicil ed, Or using any Company 
Property. 

=) Sport fishing from facility sites shall comply with the 
requirements in "Fisheries and Fishing", 

SOURCES OF INFORMATION 

toe lsanscrapts, Exhibits, Besic Document 

CAGPL CarUSOn, iMespeee te lLOet., Deities OUT, Le Ge 
(40-42:5180-528) 

FH Husnion, UoeMe, Gittledale, Re, Mirceh, E.A. 
(68: 1003 8-428) 

CAGPL Bop cations “SeculOony 13.6 

FH ADpLication: Section 3F 

PAAG Report, Section 9.11 
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Stanley Associates Engineering Ltd., 
1976 Draft environmental code for the development of the 

proposed Mackenzie Valley gas pipeline (for 
Environmental Protection Service, DOE) 
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DEACTIVATION, CLOSURE AND ABANDONMENT 

GENERAL RECOMMENDATIONS 

Upon abandonment of the pipeline, Or any part thereof, the 
Company shall remove all above ground structures not required by 
other parties on the same site and stabilize and vegetate all 
exposed surfaces other than pads, berms and embankments and 
generally clean-up the right-of-way and all lands used by the 
Company. 

Further, the Company shall make financial and organizational 
provision to do this work, and to continue an appropriate level 
of monitoring and maintenance of the lands to ensure their 
continued stability until such time as the government should 
agree that the Company has discharged its responsibilities. 

Should the pipeline be deactivated or closed at any time, the 
Company shall make financial and organizational provision for 
continuing control of all lands, facilities and equipment. 
Special attention shall be paid to terrain stability, protection 
of aquatic environments and control or removal of all potentially 
poliuting materials used in the operation or maintenance of the 
prpeline. 

zi the more unfortunate consequences of industrial 
Opments has been the derelict lands remaining after 
HLOn Om aCccvVicy. wUntitarecen:iy athe -costs.of lLivingiwith 

aiming such areas of dereliction have generally been borme 
ety at large. Recently such costs have come to be 
G@sesebeing the sesponsibility of the«Company or«i 
Garay ee peOr redGrrom shes inact rial <activity sconc 
° hag ek 

1 ustria 
s is one of “internalizing externalities", in economic 

For a project of the size of the Mackenzie Valley gas pipeline, 
running through areas of more or less unspoiled wilderness for 
much of its length, it is clear that upon its termination every 
effort must be made to return the land to something approaching 
2US Original State, ana to ensure’ that the conti 
the constructicn and operation be minimized to the g 
extent possible. In the Report of the Pipeline Appl 
Assessment Group, the following question is posed: 

ar G g impacts of 
“ 
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"se. does the evidence provided suggest [the 
pipeline] can be made to operate without, at the 
Same time, building up insoluble or intractabie 
problems for that distant future date when it 
becomes inactive or disused?" (Oe 28 tise 

No clear answer to this question is presently available. The 
Assessment Group pointed out that, given the new technology of a 
chilled, large diameter gas pipeline buried in permafrost soils, 
and generating its own “artificial permafrost" in the frost bulb, 
it is difficult to assess the potential impacts of abandonment of 
the system without having detailed "geothermal and other data... 
available at the outset on the effects of chilling and its 
cessation upon representative terrain types" (p. 281). 

Arctic Gas, in its original Applicaticn, recognized that there 
would be some concern over the matter of abandonment of the 
pipeline, At that time, it proposed that the pipe in the ground 
would be left in place and surface facilities would be either 
removed and salvaged, turned over to other users (including the 
communities) or the sites restored and returned to nature. They 
claimed that vegetation growth on the right-of-way would 
eventually remove all visual evidence of ths system and that the 
pipeline itselt would remain frozen in the permafrost soil. 

In its Responses to the Assessment Group, Question 56, Arctic Gas 
considered the thawing of the frost bulb, developed due to 
chilling, in areas of previously unfrozen ground and concluded 
that because of the very slow rate of such thawing, erosion and 
Slope instability problems would be very few. Witnesses for 
Arccic Gas reaffirmed this view, and the conclusion wes that 
impacts of abandonment would be insignificant (Hemstock, 

Oi seheua o—' 1 0) 

Other points made by the witnesses were: 

a) No consideration was being given to proposals to patrol 
and maintain the right-of-way after abandonment (Hurd, 
u2:;5uou-05 
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Cc) No estimate has been made of the cost of terrain 
rehabilitation and other works which may need to be done 
after abandonment. This was not considered as Gacost OL 
the project (Hemstock, 81:12006-10). 

a) In areas where the buoyant effect of the empty pipeline 
could present a problem, the pipe could be filled with 
water to prevent it floating (Hemstock, S2s4228 5)". 4 

e) Following abandonment, the Company will cease its 
monitoring and maintenance efforts (Hemstock, S2e 12 e oS. 

th If the frost bulb were to thaw rapidly, there could be 
some slope stability problems and some erosion along the 
right-of-way, particularly along the line of the trench 
(Harlanyss82t122917=9 2). 

Witnesses for Foothills indicated that its proposals were 
essentially similar to those of Arctic Gas (Hushion, 68:10096; 
Miso shee C=31°3034)", 

Throughout the discussion on the matter of abandonment by 
witnesses for the Applicants no mention was made of the problems 
of abandonment of the surcharge berm. 

t-Cowan and Templeton (EPB) proposed that the costs 
associated with abandonment should be paid for by the project and 
chat, when the end of the project life was in sight, the Company 
should be required to put some of its reserve funds into a 
Special fund to pay for the clean-up and abandonment. In the 
event of problems arising after abandonment, their proposals’ were 
to the efiect that society would have to devise new protective 
mechanisms. The opinion was expressed that regulation of all 
this would be the responsibility of the National Energy Board 
(108:16449-53; 11653-55). 

Other pertinent evidence was given by witnesses for the 
‘Environment Protection Board and the Canadian Arctic Resources 
Committee. Weedon (CARC) suggested that consideration of the 
consequences of activities along the right-of-way, including 
removal of the pipeline when no longer needed, should be among 
the criteria applied in the selection of alternate routes 
(5437457-58). This suggestion should be expanded so that all the 
implications of abandonment are considered as part of the route 
Setectionerrocess. 
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For the purposes of these recommendations, the following 
definitions are used : Geactivation, a temrorary shut-down of the 
pipeline system or any part of it for a Fericd not exceeding 
twelve months; closure, deactivation for a period of more than 
twelve months or an apparently permanent shut-down of the 
pipeline system or any part of it, but with continued control 
over lands, facilities and equipment by the pipeline company; and 
abandonment, permanent closure with removal or disposal of above- 
ground structures and equipment stabilization and restoration of 
all lands and with no continuing control by the company. 

The distinction between deactivation and closure is made because 
any gaS pipeline that is not used for a period of twelve month 
Or more may not be put back into use without the specific 
approval of the National Energy Board and without being retested, 
including a hydrostatic pressure test (Gas Pipeline Regulations, 
Subsectron ie hs(syr 197). 

RECOMMENDATIONS 

1. Upon abandonment of the pipeline system, or any part of it, 
the Company shall: 

a) TeMmovetalIstoswc or polluting materielsis 

b) remove all above ground structures not required by other 
parties on =the same site, incinding but not Limited to 
compressor stations, camps, fences, towers, lights, 
vaives, tanks and above ground piping; 

c) level all berms around fuel storage areas and sewace 
lacoons; 

a) fill-in and restore all sewage lagoons (see. "Wastewater 
and Sewage: Camps and Facilities"); 

e) where necessary, regrade the surfaces of all pads and 
embankments, to provide for adequate surface drainage; 

ft) tablilize and reveaqetate those pads and embankments not 
required for immediate use by other parties, individuals 

or communities: and 

g} generally clean-up, stabilize and restore the right-of- 
way, shoofly roads, and all lands used at any time by 
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the Company. Reclamation and restoration standards 
Shail comply with all those reccmmended for the 
abandonment of facilities used during the construction 
of the pipeline. 

In sections of the system where a surcharge berm has been 
built to control frost heave, the Company shall remove any 
and all culverts which may have been installed in the berm, 
and shall provide a stable, unobstructed drainageway of 
adequate capacity for a 1-in-50 year flood. 

The Company shall remove any and all culverts or bridges in 
permanent project roads which are not to be taken over 
immediately by any other party or individual; and in such 
cases shall provide a stable, unobstructed drainageway of 
adequate capacity for a i-in-50 year flood (see also “Roads, 
Airstrips and Helipads"). 

The Company shall stabilize, grade and restore all borrow 

areas and waste disposal sites used during the operation and 
maintenance of the pipeline system and associated facilities, 
and not previously restored. 

Where excavation of a known archaeological site has not bee 
possible due to the Company's occupation or use of any lands, 
upon closure or abandonment of the system at the localities 
concerned the Company shall make financial and other 
provisions for the excavation of each site, in accordance 
with the archaeological plans of the project at the time of 
construction. 

The Company shall pr t a preliminary plan and 
environmental impact statement covering the matters of 
deactivation, closure and abandonment of the pipeline system 
asppartPorithe final sdesioqn. “This plan) shall@inciude, but 
not be limited to: 

a) Provision of an organizational structure and staff to 
carry out the necessary works associated with 
abandonment of the pipeline system, and to provi 
necessary monitoring and ma@éintenance works follow 
completion of such works until such time as the 
Govermment shail agree that the Company has discharged 
its responsibilities. 

! ,) ' 
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b) Arrangement for sufficient funds to adequately support 
the works and staff described above. 

Cc) A description of the probable environmental impact of 
abandonment of the system. Particular emphasis should 
be placed on the manner and rate of dissipation of any 
rost heave developed over the pipeline and of the frost 

bulb developed in previously unfrozen ground. 

@) Details of research proposed to be undertaken prior to 
abandonment to determine more exactly the probable 
environmental impacts and the rates of dissipation of 
frost heave and the frost bulb. 

The plan should clearly demonstrate that any problems foreseen as 
a result of abandonment have been considered in the selection of 
the pipeline route and the location of the associated facilities. 

7. 

1107, 

Should the pipeline be closed at any time, the Company shall 
make financial and organizational provision for the 
continuing control of the system and all lands, facilities 

and equipment. Special attention shall be paid to terrain 
stability, the protection of aquatic environments and the 
control or removal of all potentially polluting materials 
used in the operation or maintenance of the pipeline. 

Should the pipeline be deactivated at any time, the Company 
shall continue all inspection, maintenance and repair 
activities at normal strength. Special attention shall be 
paid to terrain stability, protection of aquatic environments 
and the control of all potentially pcliuting materials used 

; 3 = 5 * ~ = = 3 = Bea & ee in the operations and maintenance of the pipeline. 

The Company shall present preliminary plans and environmental 
impact statements covering closure and deactivation of all or 
part of the pipeline system for various time periods as part 
of the final design. Appropriate time periods would be one 
week's and one month's shut-down in each season: winter, 
Spring (run-off), summer and autumn and a one year shut-down. 
The plans and environmental impact statement should also 
cover the time of start-up following such deactivation or 
closure and a short period of time thereafter. 

In the event of a e of the pipeline, the 
plans shall contai pi ans for retesting the pe pp oe) 
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including hydrostatic pressure testing. These testing plans 
Shall comply with all relevant recommendations in this 
submission, including but not limited to those dealing with 
"Pipe Testing", "Water Supply and Intakes", "Solid and Liquid 
Wastes: Construction/industrial Activities" end Lic Sj oa bl ag 
Prevention and Control", 

SOURCES OF INFORMATION 

1. Transcript, Exhibits, Basic Documents 

CAGPL Applications Section Tt ds neos 5. 
Responses; Question 56. PAAG Section 8.18 

1976 "Social benefit cost analysis of offshore drilling" 
one che “question of offshore oils Mitchell Eris. 
(ed.); American Enterprise Institute for Public 
Policy Research, pp. 69-76. 

National Energy Board 
1974 Gas pipeline regulations. 
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Project Operation 

GENERAL RECOMMENCATIONS 

The Company shall plan, organize and control the operation, 
maintenance and abandonment of the pipeline in a manner that will 
minimize its impact on the physical and biological environment 
and on the people and their traditional activities in the 
Mackenzie Valley and northern Yukon. 

The government should conduct a detailed review of all existing 
laws, regulations and practices to determine their applicability 
to and efficiency for the problem of regulating the operation, 
maintenance and abandonment of the pipeline. 

The government should make careful organizational provision for 
the transfer of control from the Agency to permanent departments 
and agencies. 

The Agency should conduct a detailed review of all aspects of its 
tasks, operations and procedures, and its successes and failures, 
prior to its disestablishment. 

DISCUSSION 

This topic is divided into three sub-topics for the purposes of 
the Giscussion. These are: 

a) Company procedures and control 
b) Government monitoring and inspection, and 
Cy The period of transition from the Agency to the 

government at large. 

Company Procedures and Control 

Most aspects of the Company's internal control, planning and 
operating procedures will have no particular effects on the 
physical or biological environment of the pipneline corridor. The 
various items that are of concern are discussed briefly. 

The other sections under "Project Operation" all require a 
considerable amount of planning be done for the operational p 
of the project. Most of this planning has to be completed, a 

e eastern eoutiine peby the time of «final design.  iItvis expect 
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Project Operation 
Regulation 

that the staff and organization who will carry out these plans 
and operate the pipeline will be closely involved in producing 
the plans. An “environmental awareness" on the part of these 
people will go a long way towards avoiding many of the potential 
problems of pipeline operation and its impact on the environment. 
During the formal hearings, many references were made by 
witnesses for both Applicants to the proposed existence of a 
number of different manuals to guide the project staff in the 
various tasks involved in the design and construction of the 
pipeline. ‘Reference was also made to a similar manual or manuals 
to be produced for the operational phase of the pipeline 
(41:5332). These documents and the data files that back them up, 
are important components of the operating plans, and are a key 
item in the success of measures to mitigate undesirable 
environmental effects. Consequently, the environmental advisors 
of the operating staff of the project must be involved in the 
production of these manuals. 

As well, access to the énvironmental advisors must be readily 
available for the operating staff at all times throughout the 
operational phase of the pipeline. Ready access to environmental 
advice and information will ke particularly important during any 
emergency situations, such as pipeline ruptures, washouts or 

- =~ nt = - bal + < ‘ a +5 = Jae Sl Seo, cual amay aloise,. ..Another important. task. of the 
a0 

environmental staff will be the environmental education of all 
ehe oOrher steff.. Some of the operating staff may have received 
the environmental briefings that will be given to the 
construction forces. However, @ more intensive and differently 

fienced program will be required for the operating staff... This 
program should include geotechnical information as well as 

biological and sociological information, and could be integrated 
With Serety training and other orientation programs. Periodic 
refresher sessions should be made available. 

in other places in this submission, the Company is being asked to 
undertake a considerable amount of monitoring and repeated 
observation of various attributes of the environment. This will 
be integrated with the more conventional inspection and line 
patrol ectivities, and will, be carried on throughout. the 
Operating life of the pipeline, up to final abandonment of the 
project... There are two purposes to this surveillance and 
monitoring. One is the assessment of the actual environmental 
impact of the project, as opposed to the predictable impact. The 
other 1s continued vigilance for aberrant conditions that pose 
some threat to the stability of the pipeline, the right-of-way or 
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the local environment. For any surveillance system to be 
effective, it must include a "reaction component" so that, when a 
critical situation arises, the Company recognizes it and resronds 
appropriately. Essentially, the Company is being asked to 
maintain a permanent "state of readiness", 

The environmental impact assessment role of the monitoring 
program will require the keeping of detailed records of all the 
observations made. These records should not be integrated with 
the conventional engineering records to the extent that they 
cannot be retrieved separately if needed. Like the engineering 
records, however, they should be retained for at least the 
lifetime of the project. The Company is also being asked to file 
reports of-its various inspection, maintenance and repair 
activities, over and above those required by the Gas Pipeline 
Regulations (NEB, 1974). One important aspect of inspection, 
monitoring, record keeping and reporting is that all the 
information so gathered should be used. It should be used by the 
Company in improving its operating procedures, so if, for 
example, a particular slope exhibits repeated failures of erosion 
control devices, the Company should redesign and reconstruct the 
devices rather than go on repairing them to the old design. The 
lessons learned in this way will be particularly valuable if the 
Company extends or loops any part of the system. 

Government Monitorina and Inspection 

It is assumed that for most of the operating phase of the 
pipeline, day to day regulation of the Company will be done by 
the permanent government departments and agencies having relevant 
responsibilities. It is questionable whether the present 
framework of laws, regulations and practices will provide the 
government with the tools to adequately control and monitor the 
operation and maintenance of this project throughout its expected 
life of 30 to 60 years or more and finally its closure and 
abandonment. A review of existing federal and territorial law is 
needed, so that gaps or defficiencies may be identified and steps 
taken to correct them. This should be completed, including the 
Oorrective measure, before the Agency ceases to exist and so nS 

= oi a = ‘ 
SCeaces CO CONCEO! Che. DEOnect. 

As part of this review, the government should realize that the 

high standards of environmental protection which will be required 
during the construction of the project must not be allowed t 
lapse. Continued, rigorous enforcement will be required. This, 

' (J t 
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plus the very size of the project area will ce rtainly lead to a 
cocoon for increased enforcement staff in a number of qovernment 
aepartments and agencies, at the very least. . 

The government will have a continuing responsibility CoOrmenz cer 
the effects of the pipeline on the environment and ie people of 
the Mackenzie Valley and northerm Yukon. This will rx equire a 
degree of direct inspection of the right-of-way and faciiieees by 
government officers. It will also involve the review of any 
changes in the operating plans and manuals that the Company may 

‘ propose, or the initiation of any changes which the governmen 
may feel are necessary. 

Transition Period 

in the section of this submission on "Project Regulation:The 
Government! the creation of a single Agency to control all the 
technical, environmental and social aspects of the project is 
proposed. This Agency is expected to exist only for the period 
of pipeline design and construction, and to phase-out of 

existence some short time after commissioning of the pipeline and 
its associated facilities. - 

There may be a partial exception ‘to this phase-out, in that the 
Createicn of avmonitoring program is ealiso proposed which would 
continue to function until the pipeline system is closed down end 
abandoned.. If this monitoring program is created under the aegis 

of the Agency, then only the parts of the Agency concerned with 
construction coordination would cease to exist. 

in Gither case; after completion cf the pipeline end before any 
part of the Agency ceases to exist, zt should conduct a major 
internal review of its operations and its relationship with the 
Company, the government and the people of the North. At the 
conclusion of this review, the Agency should compile and publish 
a "disestablishment report" which will outline the tasks that the 
Agency was charged with, the manner in which it approached them, 
ana the successes amd failures that occurred and make 

recommendations to government that will be of vaiue and 
assistance: in the regulation of future large construction 
projects. The comments of the Company on the role and efficiency 
of the Agency should also be compiled as part of this review 

process. 
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At the time of its disestablishment, the regulatory and 
enforcement responsibilities of the Agency are expected to be 
returned to whe permanent departments and agencies of government. 
A smooth transition will require careful planning by the Agency 
and by the other branches of government concerned. As part éoz 
this transition, it will be necessary for a decision to be made 
on the disposition of the Agency's files and records. Some will 
have to be passed to the successor agencies, other should perhaps 
be kept together. 

RECOMMENDATIONS 

1. The Company shall present comprehensive preliminary plans for 
all aspects of operations, maintenance and abandonment of the 
pipeline and all associated facilities at the time of final 
design. Preliminary drafts of all operations and maintenance 
manuals shall be produced at this time also... The plans and 
manuals shall be submitted to the Agency for approval. 

2.. Final operations and maintenance plans and manuals shall be 
developed and submitted sufficiently far in advance of 
commissioning of the pipeline to allow a thorough review by 
the Agency. The actual timing of this submission shall be 
determined by the Agency. 

tions and maintenance plans and manuals are to be 
ad by adequate geotechnical, biological and. 
ical and engineering information. . The environmental 
Ological staff of the Company are to be involved, 

peqinning, in the production of all plans and 
manuals, as well as in the compilation of Supporting data. 

4, All levels of operations staff are to have ready access to 
competent environmental advice throughout the life of the 
Brodecc. 9 £n particular, the Company shall ensure that 
environmental advisors are "on-call" at all times in event of 
any emergency incidents. 

5. The Company shall provide all employees, az all levels, with 
an envi ore social and safety training program. The 
details of this program are to be submitted to the Agency for 
approval. It is expected that the program will draw on the 
experience gained in environmental briefings of construction 

forces. 
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10. 

The Company shall carry out all inspection and monitoring 
activities required elsewhere in this report or requested by 
the Agency, in a conscientious manner. All monitoring and 
inspection programs shall include detzils Of ‘critical Levels 
and the appropriate actions to be taken if a critical level 
is approached or exceeded, 

The Company shall keep records of all inspection, monitoring, 
maintenance and repair activities, and shall file reports, as 
detailed elsewhere in this submission. 

The Government should continue to require high standards of 
environmental protection throughout the Operation. CE .+t 
pipeline and in its abandonmenc. 

In its detailed review of existing laws, regulations and 
practices, the Government should identify any deficiences in 
regard to protection of the environment and peoples in the 
project area and take steps to correct them before the Agency 
ceases to exist. 

The Company should be requested to produce reports on the 
role and efficiency of the Agency as part of the Agency's 
disestablishment report. 
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SOURCES OF INFORMATICN 

1. Dranscripts, Exhibits, Basic Documents 

CAGPL Carison, M.E., Fielder, D.E., Hurd, LG. 
(40-42:5180-528) 

FH Hushion, D.H., Littledale, R., Mirosh, E.A. 
(68: 10038-128) 

EPB Cryaik Dawe (48:36315-27), Templeton, C.H. 
(47:62 80-98) 

CAGPL Application, Section 13.b.2 
Responses, Question 55 

FH Application, Section 3F-2 

EGNP 1972 Expanded Guidelines for Northern Pipelines 

2. Reports 

eS Gas transmission and distribution piping systems 
(CSA Standard 2183-1973). 

me 

Environment Protection Board 
1974 Environmental impact assessment of the p ° 

the Mackenzie Gas pipeline from Alaska to Albert 
Noi. bh, ine board *s, opinion. 
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